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COMPOSITIONS FOR THE TREATMENT OF 
WOUNDS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority under 35 U.S.C. 
S119(e) to U.S. Provisional Application No.62/261,796, 
filed Dec. 1, 2015, the content of which is hereby incorpo 
rated by reference in its entirety. 

TECHNICAL FIELD 

0002. This disclosure resides in the field of wound heal 
ing compositions and use thereof. Particularly, this disclo 
Sure relates to compositions of polypeptides and the topical 
application of these positions to the skin to expedite wound 
healing by promoting all skin cell migration, especially 
keratinocytes, dermal fibroblasts and dermal microvascular 
endothelial cells. 

BACKGROUND 

0003. Throughout this disclosure, various publications, 
patents and published patent specifications are referenced by 
an identifying citation or an Arabic number. The full cita 
tions for the references identified by an Arabic number are 
found in this disclosure, immediately preceding the claims. 
The disclosures of these publications, patents and published 
patent specifications are hereby incorporated by reference 
into the present disclosure in their entirety to more fully 
describe the state of the art to which this invention pertains. 
0004 Rodents such as rats and mice have been the widely 
used animals for skin wound healing studies. However, these 
models are less than ideal because they are loose skinned 
animals and the way they heal skin wounds is predominantly 
by the mechanism of wound contraction, which may not 
translate well to human skin wound healing. Pigs, like 
human beings, are tight skinned animals and heal skin 
wounds with a larger component of re-epithelialization (i.e., 
the lateral migration of keratinocytes across the wound bed) 
and a smaller component of wound contraction. Moreover, 
pigs are also effective models for topical medication studies, 
because multiple groups of replicate wounds can be created 
in the same pig for studies of comparative agents. In 
randomized wound healing studies, for instance, there is a 
high concordance of the results between pigs and humans 
1-4. 
0005. Current literature on pig wound healing models 
shows that few of those previous studies made efforts to first 
standardize the critical parameters, such as the relationship 
between locations of wound and their healing rates, optimal 
distance between two wounds, measurements of diabetic 
markers over time, correlation between diabetic conditions 
and delay in wound closure, just to mention a few, prior to 
using the animals to carry out wound healing studies. There 
is a need to re-evaluate these parameters and provide estab 
lished methods for using pigs as wound healing models 1. 

SUMMARY 

0006. At the forefront of wound healing therapeutics, 
growth factors are thought to serve as the driving force of 
wound healing and, therefore, have been the focus for 
therapeutic development of wound healing agents 5. After 
decades of investigations and clinical trials, however, the 
human recombinant platelet-derived growth factor (PDGF) 
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remains the only FDA-approved growth factor for the topi 
cal treatment of human diabetic ulcers. This therapy, beca 
plermin gel (RegranexTM), has since been shown by multi 
center, double blinded and randomized clinical studies to 
have a modest efficacy. In addition, it showed a fivefold 
higher potential of causing cancer in patients. Applicants 
recent studies identified three molecular hurdles against 
conventional growth factors and these hurdles could signifi 
cantly reduce the effectiveness of PDGF-BB/becaplermin 
gel. 
0007 First, PDGF-BB only affects dermal fibroblasts, 
due to the lack of PDGF receptors in two other skin cell 
types, human keratinocytes and human dermal microvascu 
lar endothelial cells. Thus, conventional growth factors 
simply cannot fulfill the task of promoting wound closure 
during the critical early phase of wound healing re-epithe 
lialization. 

0008. Second, PDGF-BB-stimulated cell proliferation 
and migration are completely blocked by the TGFB family 
of cytokines, which are abundant in the wound bed. Wound 
healing, or wound repair, is an intricate process in which the 
skin repairs itself after injury. In normal skin, the epidermis 
(outermost layer) and dermis (inner or deeper layer) exists in 
a steady-stated equilibrium, forming a protective barrier 
against the external environment. The normal wound heal 
ing process can be broadly classified into three stages 
namely the inflammatory, proliferative and maturation 
phases. The inflammatory phase lasts 0-2 days and involves 
an orderly recruitment of cells to the wound area. This is 
followed by the 2-6 day proliferative phase, in which 
fibroblasts, keratinocytes and other cells in the wound bed 
begin to actively proliferate to close the wound. During the 
first phase of tissue repair, an acute inflammatory response 
with cellular migration occurs. Neutrophils predominate for 
the first 24-48 hours; macrophages become active by the 
third day. The neutrophils and macrophages phagocytose 
and digest pathologic organisms and tissue debris. The 
maturation phase follows the proliferative phase, peaking at 
21 days, by which time the wound is completely healed by 
restructuring the initial scar tissue. Third, PDGF-BB's bio 
logical effects are significantly compromised under the 
environment of hyperglycemia, the signature for diabetes of 
all types 6-8. 
0009. Other research has involved the use of heat shock 
protein to promote wound healing. For example, Srivastava 
et al. discloses in U.S. Pat. No. 6,475,490 compositions 
comprising heat shock proteins, including gp96, hsp90, and 
hsp70, uncomplexed or complexed noncovalently with anti 
genic molecules. However, the use of the entire length of 
these large molecules in true pharmaceutical compositions 
could cause higher immune responses/inflammation from 
the host and hit higher number of unnecessary off targets. In 
addition, it is more expensive to manufacture larger protein 
than its replacement of a smaller peptide. 
0010. The above-mentioned disappointing outcomes 
with conventional growth factors prompted Applicant to 
search for alternative molecules that could overcome the 
three obstacles mentioned previously. These efforts led to 
the discovery of the disclosed methods which exploit the 
discovery that secreted form of heat shock protein-90Calpha 
(Hsp90C.), which is a novel pro-motility factor, is resistant to 
TGFB and hyperglycemia and has its receptor expressed in 
every cell type. The topical application of recombinant 
Hsp90O. promotes wound healing in both healthy and dia 
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betic mice 8, 9. Applicant also established and re-stan 
dardizes both acute and diabetic pig wound healing models, 
including wound size, Surgical pattern, correlation between 
diabetic conditions and delay in wound healing to further 
establish the importance of Hsp90C. in skin wound healing 
as a potential therapeutic for humans. This disclosure further 
provides evidence that only prolonged diabetic conditions 
are associated with a delay in diabetic wound healing. Then, 
with the use of these novel models, this disclosure identifies 
the minimum essential entity in the secreted form of the heat 
shock protein-90Calpha (Hsp90C), a 27-amino acid peptide, 
termed F-8 and its equivalents, as an optimal therapeutic 
entity. 
0011. In view of the above, in one aspect, the disclosure 
provides a systematic evaluation and establishment of both 
acute and diabetic wound healing models in pigs, including 
wound-creating pattern for drug treatment versus control, 
measurements of diabetic parameters and the time for 
detecting delayed wound healing in a diabetic pig model. 
0012. In one aspect, this disclosure also provides a 
recombinant polypeptide comprising, or alternatively con 
sisting essentially of, or yet further consisting of an Hsp90C. 
polypeptide sequence (SEQ ID NO.1), an F-8 polypeptide 
sequence (SEQ ID NO. 2), an F-5 polypeptide sequence 
(SEQ ID NO. 3), an F-6 polypeptide sequence (SEQID NO. 
4), or an equivalent thereof operatively linked to a non 
immunogenic carrier protein, wherein the recombinant poly 
peptide is operatively linked to a non-immunogenic carrier 
protein. In one aspect, the recombinant polypeptide com 
prises, alternatively consists essentially of, or yet further 
consists of the 27-amino acid sequence of F-8 as a minimum 
amino acid sequence. In one aspect, the recombinant poly 
peptide comprises, alternatively consists essentially of, or 
yet further consists of additional amino acid sequence on 
either or both the amine or carboxy termini of the F-8 
sequence. In one aspect, the additional amino acid sequence 
comprises, alternatively consists essentially of, or yet further 
consists of amino acids from the protein Hsp90C, e.g., the 
amino acid sequence that is within the polypeptide F-5 
fragment consisting of 115 amino acid units which is from 
amino acid number 236 to 350 of Hsp90C, or alternatively 
the F-6 fragment having 54 amino acid units from amino 
acid number 236 to 289 of Hsp90C. (SEQ ID NO. 4). In one 
aspect, the polypeptide is not a wild-type full length protein. 
0013 The recombinant polypeptides and compositions as 
described herein are useful in methods to promote epidermal 
tissue regeneration and/or re-epithelialization or prevent cell 
apoptosis in wounded epithelial tissue, in a Subject in need 
thereof, the method comprising, or alternatively consisting 
essentially of, or yet further consisting of administering to 
a tissue in need thereof an effective amount of the polypep 
tide or composition as disclosed herein, thereby promoting 
epidermal tissue regeneration, and/or re-epithelialization or 
prevent cell apoptosis in wounded epithelial tissue. In one 
aspect the Subject is a mammal, e.g. a human patient. 
0014. The recombinant polypeptides and compositions as 
described herein also are useful in methods to promote 
wound healing, or to treat or heal wounds in a Subject in 
need thereof, the method comprising, or alternatively con 
sisting essentially of or yet further consisting of adminis 
tering to the wounded tissue in need thereof an effective 
amount of the polypeptide or composition as disclosed 
herein. In one aspect the Subject is a mammal, e.g. a human 
patient. In a further aspect, the wound is an acute wound. In 
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another aspect, the wound is a burn wound, e.g., a secondary 
burn wound progression or conversion. In one aspect, the 
wound is a diabetic wound. Without being bound by a 
theory, the peptide designed F-5 has dual functions to 
promote burn wound healing. Burn wounds are different 
from other acute wounds. Such as traumatic and Surgical 
wounds. They expand from their initial boundary of trauma 
to larger areas horizontally and vertically. This burn wound 
specific phenomenon is called secondary burn wound pro 
gression or conversion, in which death of the Surrounding 
cells over time is a major pathophysiological factor. This 
disclosure provides that the peptide designated F-5 alone 
prevents burn wound progression through preventing cell 
apoptosis in the burned skin and thereafter promotes burn 
wound re-epithelialization (closure). Since the core activity 
of the 155-amino acid F-5 is determined by a 27-amino acid 
domain within F-5, identified herein as F-8, and considering 
the criteria for treating acute wounds (from healthy humans), 
i.e. high specificity, low off-target effect and less host 
immune response, the F-8 fragment with a carrier (to ensure 
stability in the hostile wound environment) is more useful 
than F-5 to achieve these therapeutic outcomes as well. This 
finding is especially encouraging for those who get burn 
injuries in the battle field, for which there currently are no 
drugs or therapies to treat these wounds. 
0015 The method optionally uses a pharmaceutical com 
position having a pharmaceutical medium to carry the 
polypeptide compound, consisting of an aqueous solution, 
Suspension, dispersion, salve, ointment, gel, cream, lotion, 
spray or paste. In a further aspect, the formulation is a 
lyophilized “powder for ease of transport. 
0016. In one aspect, the disclosure provides a method to 
promote epidermal tissue regeneration and/or re-epithelial 
ization or prevent cell apoptosis in wounded epithelial tissue 
or in tissue of the eye, in a Subject in need thereof compris 
ing administering to a tissue in need thereof an effective 
amount of the recombinant polypeptide. In another aspect, 
the disclosure provides a method to facilitate healing or treat 
a wound or injury, comprising administering to a wounded 
or injured tissue in a subject in need thereof an effective 
amount of the recombinant polypeptide. In one embodiment, 
the method further comprises administering an effective 
amount of a wound-healing therapeutic agent other than the 
recombinant polypeptide. In another embodiment, the 
administration of the recombinant polypeptide and the thera 
peutic agent is concurrent or sequential. In one embodiment, 
the Subject is a mammal. 
0017. In some embodiment, the wound is a skin wound or 
a wound to an eye. In one embodiment, the skin wound is an 
acute wound, a diabetic wound, or a burn wound. In some 
embodiments, the acute wound comprises a traumatic 
wound or a Surgical wound. In another embodiment, the 
method of treating a wound further comprises treating or 
preventing progression or conversion of the burn wound. 
0018. In one aspect, the injury is an eye disease or an eye 
injury. In one embodiment, the eye injury is a corneal injury 
or a conjunctival injury. In another embodiment, the eye 
injury is caused by a penetrating object, a foreign body, a 
chemical, or burn. 
0019. In one embodiment of the method of wound heal 
ing, the composition is applied to the wound about every 3 
to 72, or alternatively at least about every 6 to about every 
72 hours. Optionally, the composition is applied to the 
wound about every 24 to about every 48 hours. 
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0020. Additional advantages and other features of the 
present disclosure will be set forth in part in the description 
which follows and in part will become apparent to those 
having ordinary skill in the art upon examination of the 
following or may be learned from the practice of the 
disclosure. The advantages of the disclosure may be realized 
and obtained as particularly pointed out in the appended 
claims. 
0021. As will be realized, the present disclosure is 
capable of other and different embodiments, and its several 
details are capable of modifications in various obvious 
respects, all without departing from the disclosure. Accord 
ingly, the drawings and description are to be regarded as 
illustrative in nature, and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 shows comparison among human, pig, rat 
and mouse skin. Paraffin skin sections from various depths 
of tissue from healthy humans, pigs, rats and mice were 
simultaneously subjected to H&E staining for structural 
comparisons. Representative images from each of the four 
species are shown with the same magnification scale. EP, 
epidermis; DM, dermis; BV, blood vessel; SB, sebaceous 
gland, HF, hair follicle, AP apocrine (sweat) gland; and M. 
muscle. The measurement bars are as indicated. 
0023 FIGS. 2A-2G show establishment of the wound 
pattern for control versus topical drug treatments. (FIGS. 
2A, 2B and 2C) 2.0 cm 62.0 cm full thickness wounds were 
created on the same side of the pigs (n53) with 2.5 cm apart 
between wounds were compared either between the top and 
the bottom wounds (FIG. 2A) or between the middle and 
rear wounds (FIG. 2B) or between wounds made at similar 
spots, but on the opposite side of the pig (FIG. 2C). 
Quantitations (% of healing) were made based on triplicate 
wounds in each pig and shown below each of the images. 
(FIGS. 2D and 2E) A schematic presentation of nine 2.0 cm 
62.0 cm (in normal pigs) or 1.5 cm x 1.5 cm (in diabetic pigs) 
full thickness wounds were created on each side of the pig 
with 2.5 cm apart between wounds. Comparisons between 
treatment and control should be made between two wounds 
at similar spots, but on the opposite side of the pig, as 
indicated by color squares marked in the same color. (FIGS. 
2F and 2G) Based on the above design, real wounds were 
created on the two sides of pigs. Treatments versus controls 
are indicated. 
0024 FIGS. 3A-3D show recombinant F-5 fragment of 
Hsp90O. promoted wound healing in normal pigs. (FIG. 3A) 
Picture of a typical 25-30 kg and healthy farm pig used in 
experiments. (FIG. 3B) Wounds (2.0 cmx2.0 cm) in tripli 
cates were topically treated once on day 0 with either CMC 
gel alone or CMC gel containing recombinant F-5 protein 
(45 mM). Wounds in triplicate were photographed on the 
days indicated and analyzed for wound closure rates. (FIG. 
3C) Quantitative analyses of the wound closure were pre 
sented. (FIG. 3D) Wedge biopsies were made on day 14 
wounds, sectioned and stained with H&E. This experiment 
was repeated four times (a single Surgery conducted in four 
separate pigs) and the results were reproducible. * p #0.05, 
** p #0.01 and *** p #0.001, compared with the placebo. 
0.025 FIGS. 4A-4E show characteristics of diabetes and 
delayed wound healing in STZ-treated pigs. (FIG. 4A) A pig, 
8 weeks after STZ injection and having undergone the first 
round of wound healing experiments, was having her break 
fast. The pig weighed 36 kg on that day. (FIG. 4B) Sections 
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of pancreas removed from normal and STZ-treated pigs 
were subjected to anti-insulin antibody immunohistochem 
istry staining. The results show complete disappearance of 
insulin-producing islets in STZ-treated pigs. (FIG. 4C) A 
typical four-month blood glucose profile of a pig following 
STZ injection showed hyperglycemia throughout the period 
of experiments. (FIG. 4D) For a typical weight profile of a 
STZ-treated pig, in comparison to normal pigs, 50 kg is the 
size limitation (red dotted line) of the facility, when pigs 
needed to be euthanized. (FIG. 4E) Elevated A1c levels in 
circulation were detected in three diabetic pigs, in compari 
son to three controls. 

0026 FIGS. 5A-5C show comparisons between normal 
and diabetic skin structures in humans and pigs. Compari 
Sons between normal and diabetic skin structures in humans 
and pigs to investigate if there were similar changes in skin 
structure between STZ-induced diabetic pigs and humans 
with diabetes, we obtained skin from diabetic and non 
diabetic humans and from normal and STZ-induced diabetic 
pigs and examined them by H&E histology and immuno 
histochemistry analyses. (FIG. 5A) H&E staining of normal 
human skin, normal pig skin, diabetic human skin and 
diabetic pig skin. The black dotted lines (panels b and d) 
illustrate the dense ECM structure of normal pig skin 
compared to the looser ECM structure of the diabetic pig 
skin. (FIG. 5B) Picrosirius Red staining visualized under 
polarized light illustrates collagen structure. The white 
arrows (panels g and h) illustrate the dark areas revealing 
less density in collagen fibers of the diabetic human and pig 
tissue compared to their normal counterparts (panels e and 
f). (FIG.5C) AGE immunohistochemistry staining reveals 
less accumulation of Advanced Glycation End Products in 
the normal human skin compared to the diabetic skin (panel 
I vs. panel k), see blue arrows. A similar trend is seen in the 
normal pigskin compared to the diabetic pig skin (panel Vs. 
1). 
0027 FIGS. 6A-6G show duration of diabetic conditions 
correlated with the length of delay in wound healing. The 
length (days) of delay in wound healing was examined in 
pigs injected with STZ for 20, 45 and 90 days prior to wound 
surgery. (FIG. 6A) Images of the 1.5 cm 61.5 cm full 
thickness wounds made in a representative normal pig; 
(FIG. 6B) Images of the wound healing in a representative 
pig 20 days after STZ injection: (FIG. 6C) Images of 
wounds in a representative pig 45 days after STZ injection; 
(FIG. 6D) Images of wounds in a representative pig 90 days 
after STZ injection; (FIGS. 6E to 6G) Quantitative analyses 
of the wound healing data shown in FIGS. 6B, 6C and 6D 
(n-3) in comparison to wounds shown in A. * p #0.05, ** 
p #0.01 and *** p #0.001, compared with placebo. 
(0028 FIGS. 7A-7D show comparison of F-5 with beca 
plermin gel in promoting diabetic pig wound healing. (FIG. 
7A) Images of 1.5 cm x 1.5 cm full thickness wounds in 
triplicates in pigs 45 days following STZ injection were 
topically treated with increasing amounts of recombinant 
F-5 protein once on day O. Wound closure was measured on 
day 7 and day 14. (FIG. 7B) Quantitative analysis of the 
wound closure data revealed an optimal concentration for 
F-5 between 30 mM to 45 mM. * p #0.05 and **p #0.01, 
compared with placebo. (FIG.7C) Images of similar wounds 
were topically treated with 45 mM of F-5 protein or beca 
plermin gel as prescribed in triplicate on day O. Wound 
closure was compared on day 7 and day 14. (FIG. 7D) 
Quantitative analysis of F-5- and becaplermin gel-stimu 
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lated wound closure data. * p #0.05, p #0.01 and *** p 
#0.001, compared with placebo. 
0029 FIGS. 8A-8F show histological analyses of healed 
wounds treated with F-5 versus becaplermin. Skin biopsies 
of CMC, F-5-treated and becaplermin-treated diabetic pig 
wounds on day 14 were Subjected to various histochemistry 
and immunohistochemistry analyses. (FIG. 8A) H&E stain 
ing showed rete ridge production between the epidermis 
(green arrows) and dermis (panel b vs. panel a and panel c). 
Insert is pan keratin antibody staining showing the re 
epithelialization tongue (red line and red arrows), the orange 
line shows the unhealed area devoid of epidermis. (FIG. 8B) 
Anti-PECAM-1 antibody staining indicated more blood 
vessel formation in the newly healed wound site of both F-5 
treated wounds and CMC control compared to the becapler 
min treated wounds (panels d and e vs. panel f). (FIG. 8C) 
Anti-Calprotectin antibody for macrophage staining (red 
arrows) shows more inflammatory cells are present in the 
CMC control compared to either the F-5 treated wounds or 
becaplermin treated wounds (panels h and I VS. panel g). 
(FIG. 8D) Picrosirius Red staining with polarized light 
microscopy confirmed better organized dermis in the F-5- 
treated wounds than the CMC control or becaplermin treat 
ment (panek vs. panel j and panel 1). (FIGS. 8E and 8F) 
Quanitative data for PECAM-1 positive staining per high 
powered field (HPF) (E) is given as well as the number of 
macrophages per HPF (F). *p #0.05, **p #0.01 and *** p 
#0.001. The above data represent a consensus from multiple 
and non-continuous sections of a given skin specimen. 
0030 FIGS. 9A-9D show a 27-amino acid peptide, F-8, 
determines the wound healing effect of Hsp90C. (FIG. 9A) 
A schematic representation of mutagenesis of Hsp90C. down 
to the minimum peptides of 27 amino acids and the profiles 
of their pro-motility activities. (FIG. 9B) GST-fusion pro 
teins were generated as shown in a SDS gel stained with 
Coomassie blue. (FIG. 9C) Effects of the various GST 
fusion proteins (300 ug/ml for all) on wound healing in pigs, 
which followed the procedures as shown in FIG. 4. (FIG. 
9D) Quantitation of the wound healing data in triplicate. * 
p #0.05 compared with placebo. 
0031 FIGS. 10A-10E show the comparison of F-5 on 
human versus pig cell migration. Primary human and pig 
keratinocytes and dermal fibroblasts were isolated. (FIG. 
10A) Motility of the serum-starved human and pig keratino 
cytes on type I collagen in response to FBS (10%), Hsp90C. 
(10 ug/ml) or TGFa (20 ng/ml). (FIG. 10B) Motility of 
human and pig dermal fibroblasts in response to FBS (10%), 
Hsp90C. (10 ug/ml) or PDGF-BB (15 ng/ml). Quantitative 
analysis of the above migration assays is presented as 
Migration Index (%). (FIG. 10C) Lysates of the normal 
(Nor) and diabetic (Db) human and pig dermal fibroblasts 
were subjected to anti-LRP-1 antibody immunoblotting. 
(FIG. 10D) Down-regulation of LRP-1 in both human (lane 
3) and pig (lane 6) dermal fibroblasts was confirmed by 
Western blot with anti-LRP-1 antibody. (FIG.10E). The cells 
shown in panel D were subjected to colloidal gold migration 
assay in response to F-5 or PDGF-BB stimulation. Down 
regulation of LRP-1 blocked F-5-stimulated (bars 6 and 15), 
but not PDGF-BB-stimulated (bars 9 and 18), dermal fibro 
blast migration. This experiment was repeated four times 
and reproducible results obtained. * p #0.05. 
0032 FIG. 11 shows the 27 amino acids of F-8. In 
addition to albumin, any other protein drug carriers could be 
used in combination with the F-8 fragment. 
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DETAILED DESCRIPTION 

0033 
0034. The practice of the present disclosure will employ, 
unless otherwise indicated, conventional techniques of tis 
Sue culture, immunology, molecular biology, microbiology, 
cell biology and recombinant DNA, which are within the 
skill of the art. See, e.g., Sambrook and Russell eds. (2001) 
Molecular Cloning: A Laboratory Manual, 3" edition; the 
series Ausubel et al. eds. (2007) Current Protocols in 
Molecular Biology; the series Methods in Enzymology 
(Academic Press, Inc., N.Y.); MacPherson et al. (1991) PCR 
1: A Practical Approach (IRL Press at Oxford University 
Press); MacPherson et al. (1995) PCR 2: A Practical 
Approach; Harlow and Lane eds. (1999) Antibodies. A 
Laboratory Manual; Freshney (2005) Culture of Animal 
Cells: A Manual of Basic Technique, 5' edition; Gaited. 
(1984) Oligonucleotide Synthesis: U.S. Pat. No. 4,683, 195: 
Hames and Higgins eds. (1984) Nucleic Acid Hybridization; 
Anderson (1999) Nucleic Acid Hybridization; Hames and 
Higgins eds. (1984) Transcription and Translation: Immo 
bilized Cells and Enzymes (IRL Press (1986)); Perbal (1984) 
A Practical Guide to Molecular Cloning; Miller and Calos 
eds. (1987) Gene Transfer Vectors for Mammalian Cells 
(Cold Spring Harbor Laboratory); Makrides ed. (2003) Gene 
Transfer and Expression in Mammalian Cells; Mayer and 
Walker eds. (1987) Immunochemical Methods in Cell and 
Molecular Biology (Academic Press, London); Herzenberg 
et al. eds (1996) Weir's Handbook of Experimental Immu 
nology; Manipulating the Mouse Embryo: A Laboratory 
Manual, 3' edition (Cold Spring Harbor Laboratory Press 
(2002)); Sohail (ed.) (2004) Gene Silencing by RNA Inter 
ference: Technology and Application (CRC Press). 
0035 All numerical designations, e.g., pH, temperature, 
time, concentration, and molecular weight, including ranges, 
are approximations which are varied (+) or (-) by incre 
ments of 0.1 or 1.0, where appropriate. It is to be understood, 
although not always explicitly stated that all numerical 
designations are preceded by the term “about.” It also is to 
be understood, although not always explicitly stated, that the 
reagents described herein are merely exemplary and that 
equivalents of Such are known in the art. 
0036. As used in the specification and claims, the singu 
lar form “a”, “an and “the include plural references unless 
the context clearly dictates otherwise. For example, the term 
“a cell' includes a plurality of cells, including mixtures 
thereof. 

0037. As used herein, the term “comprising or “com 
prises' is intended to mean that the compositions and 
methods include the recited elements, but not excluding 
others. “Consisting essentially of when used to define 
compositions and methods, shall mean excluding other 
elements of any essential significance to the combination for 
the Stated purpose. Thus, a composition consisting essen 
tially of the elements as defined herein would not exclude 
trace contaminants from the isolation and purification 
method and pharmaceutically acceptable carriers, such as 
phosphate buffered saline, preservatives and the like. “Con 
sisting of shall mean excluding more than trace elements of 
other ingredients and Substantial method steps for adminis 
tering the compositions of this invention or process steps to 
produce a composition or achieve an intended result. 
Embodiments defined by each of these transition terms are 
within the scope of this invention. 

Definitions 
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0038. The term "isolated as used herein with respect to 
nucleic acids, such as DNA or RNA, refers to molecules 
separated from other DNAS or RNAs, respectively that are 
present in the natural source of the macromolecule. The term 
"isolated nucleic acid' is meant to include nucleic acid 
fragments which are not naturally occurring as fragments 
and would not be found in the natural state. The term 
"isolated' is also used herein to refer to polypeptides, 
proteins and/or host cells that are isolated from other cellular 
proteins and is meant to encompass both purified and 
recombinant polypeptides. In other embodiments, the term 
"isolated” means separated from constituents, cellular and 
otherwise, in which the cell, tissue, polynucleotide, peptide, 
polypeptide, protein, antibody or fragment(s) thereof, which 
are normally associated in nature. For example, an isolated 
cell is a cell that is separated form tissue or cells of dissimilar 
phenotype or genotype. As is apparent to those of skill in the 
art, a non-naturally occurring polynucleotide, peptide, poly 
peptide, protein, antibody or fragment(s) thereof, does not 
require "isolation” to distinguish it from its naturally occur 
ring counterpart. 
0039. As is known to those of skill in the art, there are 6 
classes of viruses. The DNA viruses constitute classes I and 
II. The RNA viruses and retroviruses make up the remaining 
classes. Class III viruses have a double-stranded RNA 
genome. Class IV viruses have a positive single-stranded 
RNA genome, the genome itself acting as mRNA Class V 
viruses have a negative single-stranded RNA genome used 
as a template for mRNA synthesis. Class VI viruses have a 
positive single-stranded RNA genome but with a DNA 
intermediate not only in replication but also in mRNA 
synthesis. Retroviruses carry their genetic information in the 
form of RNA; however, once the virus infects a cell, the 
RNA is reverse-transcribed into the DNA form which inte 
grates into the genomic DNA of the infected cell. The 
integrated DNA form is called a provirus. 
0040. The term “non-immunogenic’ refers to inability or 
attenuated ability of a Substance, e.g., a protein, a toxin, or 
a peptide, to provoke an immune response. In one aspect, the 
immune response is a humoral or cell-mediated immune 
response. 
0041. The term “carrier protein’ refers to a protein that 
transports, diffuse, or deliver a substance into or out of aa 
cell. In one aspect, the carrier protein can transport specific 
Substances through intracellular compartment, into the 
extracellular fluid, or across the cell membrane. In another 
aspect, the Substance is a chemical, an amino acid, a peptide, 
a protein, a lipid, or any biological or non-biological agent. 
0042. The term “recombinant polypeptide' or “recombi 
nant protein’ refers to a polypeptide which by virtue of its 
origin or manipulation is not associated with all or a portion 
of the polypeptide with which it is associated in nature 
and/or is linked to a polypeptide other than that to which it 
is linked in nature. A recombinant or encoded polypeptide or 
protein is not necessarily translated from a designated 
nucleic acid sequence. It also may be generated in any 
manner, including chemical synthesis or expression of a 
recombinant expression system. 
0043. The term “therapeutic,” as used herein, refers to the 

full spectrum of treatments for a disease or disorder. A 
“therapeutic agent' of the disclosure may act in a manner 
that is prophylactic or preventive, including those that 
incorporate procedures designed to target individuals that 
can be identified as being at risk (pharmacogenetics); or in 
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a manner that is ameliorative or curative in nature; or may 
act to slow the rate or extent of the progression of a disease 
or disorder, or may act to minimize the time required, the 
occurrence or extent of any discomfort or pain, or physical 
limitations associated with recuperation from a disease, 
disorder or physical trauma; or may be used as an adjuvant 
to other therapies and treatments. In one aspect, the thera 
peutic agent comprises, alternatively consists essentially of 
or yet further consists of a chemotherapeutic, a toxin, a 
radiotherapeutic, a targeting agent, a radiosensitizing agent, 
a biological agent, an antisense compound, or any agent that 
has therapeutic effect. 
0044) The term “topical administration,” as used herein, 
refers to delivery of a topical drug or pharmacologically 
active agent to the skin or mucosa. Topical administration, 
in contrast to transdermal administration, provides exclu 
sively or predominantly a local rather than a systemic effect. 
The term “transdermal' is intended to include “transmu 
cosal” drug administration, i.e., administration of a drug to 
the mucosal (e.g., Sublingual, buccal, vaginal, rectal) surface 
of an individual so that the drug passes through the mucosal 
tissue and into the individual’s blood stream. 

0045. The term “tissue regeneration,” as used herein, 
refers to regrowth, renewal, or restoration of a tissue or 
portion of a tissue from the remaining tissue or organ. In one 
aspect, the remaining tissue or organ includes a damaged or 
missing tissue or organ. In another aspect, the tissue regen 
eration restores the tissue or organ to its original size or 
shape. In some aspect, the tissue regeneration does not 
restore the tissue or organ to its original size or shape. 
0046. The terms “wound closure' and “re-epithelializa 
tion” are used interchangeably and refer to a process that 
results in a wound or a portion of a wound becoming 
covered by a sheet of epithelial cells. 
0047. The term “progression or conversion,” as used 
herein, means a process in which certain Superficial partial 
thickness burns spontaneously advance into deep partial 
thickness or full-thickness wounds. In one embodiment, the 
progression of a wound into deeper tissue affects the results 
of burn wound treatment. 

0048. The terms “polynucleotide”, “nucleic acid' and 
"oligonucleotide' are used interchangeably and refer to a 
polymeric form of nucleotides of any length, either deoxy 
ribonucleotides or ribonucleotides or analogs thereof. Poly 
nucleotides can have any three-dimensional structure and 
may perform any function, known or unknown. The follow 
ing are non-limiting examples of polynucleotides: a gene or 
gene fragment (for example, a probe, primer, EST or SAGE 
tag), exons, introns, messenger RNA (mRNA), transfer 
RNA, ribosomal RNA, ribozymes, cDNA, recombinant 
polynucleotides, branched polynucleotides, plasmids, Vec 
tors, isolated DNA of any sequence, isolated RNA of any 
sequence, nucleic acid probes and primers. A polynucleotide 
can comprise modified nucleotides, such as methylated 
nucleotides and nucleotide analogs. If present, modifications 
to the nucleotide structure can be imparted before or after 
assembly of the polynucleotide. The sequence of nucleotides 
can be interrupted by non-nucleotide components. A poly 
nucleotide can be further modified after polymerization, 
Such as by conjugation with a labeling component. The term 
also refers to both double- and single-stranded molecules. 
Unless otherwise specified or required, any embodiment of 
this invention that is a polynucleotide encompasses both the 
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double-stranded form and each of two complementary 
single-stranded forms known or predicted to make up the 
double-stranded form. 
0049. A polynucleotide is composed of a specific 
sequence of four nucleotide bases: adenine (A): cytosine 
(C); guanine (G); thymine (T); and uracil (U) for thymine 
when the polynucleotide is RNA. Thus, the term “polynucle 
otide sequence' is the alphabetical representation of a poly 
nucleotide molecule. This alphabetical representation can be 
input into databases in a computer having a central process 
ing unit and used for bioinformatics applications such as 
functional genomics and homology searching. 
0050 “Homology” or “identity” or “similarity” refers to 
sequence similarity between two peptides or between two 
nucleic acid molecules. Homology can be determined by 
comparing a position in each sequence which may be 
aligned for purposes of comparison. When a position in the 
compared sequence is occupied by the same base or amino 
acid, then the molecules are homologous at that position. A 
degree of homology between sequences is a function of the 
number of matching or homologous positions shared by the 
sequences. An "unrelated' or “non-homologous' sequence 
shares less than 40% identity, or alternatively less than 25% 
identity, with one of the sequences of the present invention. 
0051 A polynucleotide or polynucleotide region (or a 
polypeptide or polypeptide region) has a certain percentage 
(for example, 70%, 75%, 80%, 85%, 90%. 95%, 98% or 
99%) of “sequence identity” to another sequence means that, 
When aligned, that percentage of bases (or amino acids) are 
the same in comparing the two sequences. This alignment 
and the percent homology or sequence identity can be 
determined using Software programs known in the art, for 
example those described in Ausubel et al. eds. (2007) 
Current Protocols in Molecular Biology. Preferably, default 
parameters are used for alignment. One alignment program 
is BLAST, using default parameters. In particular, programs 
are BLASTN and BLASTP using the following default 
parameters: Genetic code=standard; filter none; 
strand–both: cutoff=60; expect=10; Matrix=BLOSUM62: 
Descriptions=50 sequences; sort by HIGH SCORE: 
Databases non-redundant, GenBank--EMBL--DDBJ 
PDB+GenBank CDS translations--SwissProtein--SPupdate-- 
PIR. Details of these programs can be found at the following 
Internet address: http://www.ncbi.nlm.nih.gov/cgi-bin/ 
BLAST. 

0052 An equivalent or biological equivalent nucleic 
acid, polynucleotide or oligonucleotide or peptide is one 
having at least 80% sequence identity, or alternatively at 
least 85% sequence identity, or alternatively at least 90% 
sequence identity, or alternatively at least 92% sequence 
identity, or alternatively at least 95% sequence identity, or 
alternatively at least 97% sequence identity, or alternatively 
at least 98% sequence identity to the reference nucleic acid, 
polynucleotide, oligonucleotide or peptide. 
0053. The term “amplification of polynucleotides” 
includes methods such as PCR, ligation amplification (or 
ligase chain reaction, LCR) and amplification methods. 
These methods are known and widely practiced in the art. 
See, e.g., U.S. Pat. Nos. 4,683,195 and 4,683.202 and Innis 
et al., 1990 (for PCR); and Wu et al. (1989) Genomics 
4:560-569 (for LCR). In general, the PCR procedure 
describes a method of gene amplification which is com 
prised of (i) sequence-specific hybridization of primers to 
specific genes within a DNA sample (or library), (ii) sub 
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sequent amplification involving multiple rounds of anneal 
ing, elongation, and denaturation using a DNA polymerase, 
and (iii) screening the PCR products for a band of the correct 
size. The primers used are oligonucleotides of Sufficient 
length and appropriate sequence to provide initiation of 
polymerization, i.e. each primer is specifically designed to 
be complementary to each Strand of the genomic locus to be 
amplified. 
0054 Reagents and hardware for conducting PCR are 
commercially available. Primers useful to amplify 
sequences from a particular gene region are preferably 
complementary to, and hybridize specifically to sequences 
in the target region or its flanking regions. Nucleic acid 
sequences generated by amplification may be sequenced 
directly. Alternatively the amplified sequence(s) may be 
cloned prior to sequence analysis. A method for the direct 
cloning and sequence analysis of enzymatically amplified 
genomic segments is known in the art. 
0055. A "gene' refers to a polynucleotide containing at 
least one open reading frame (ORF) that is capable of 
encoding a particular polypeptide or protein after being 
transcribed and translated. 
0056. The term “express' refers to the production of a 
gene product. 
0057. As used herein, "expression” refers to the process 
by which polynucleotides are transcribed into mRNA and/or 
the process by which the transcribed mRNA is subsequently 
being translated into peptides, polypeptides, or proteins. If 
the polynucleotide is derived from genomic DNA, expres 
sion may include splicing of the mRNA in a eukaryotic cell. 
0.058 A “gene product' or alternatively a “gene expres 
sion product” refers to the amino acid (e.g., peptide or 
polypeptide) generated when a gene is transcribed and 
translated. 
0059) “Under transcriptional control” is a term well 
understood in the art and indicates that transcription of a 
polynucleotide sequence, usually a DNA sequence, depends 
on its being operatively linked to an element which contrib 
utes to the initiation of, or promotes, transcription. “Opera 
tively linked intends the polynucleotides are arranged in a 
manner that allows them to function in a cell. 
0060. The term “encode” as it is applied to polynucle 
otides refers to a polynucleotide which is said to “encode' 
a polypeptide if, in its native state or when manipulated by 
methods well known to those skilled in the art, it can be 
transcribed and/or translated to produce the mRNA for the 
polypeptide and/or a fragment thereof. The antisense strand 
is the complement of Such a nucleic acid, and the encoding 
sequence can be deduced therefrom. 
0061. A "probe' when used in the context of polynucle 
otide manipulation refers to an oligonucleotide that is pro 
vided as a reagent to detect a target potentially present in a 
sample of interest by hybridizing with the target. Usually, a 
probe will comprise a detectable label or a means by which 
a label can be attached, either before or subsequent to the 
hybridization reaction. Alternatively, a “probe' can be a 
biological compound Such as a polypeptide, antibody, or 
fragments thereof that is capable of binding to the target 
potentially present in a sample of interest. 
0062 “Detectable labels’ or “markers' include, but are 
not limited to radioisotopes, fluorochromes, chemilumines 
cent compounds, dyes, and proteins, including enzymes. 
Detectable labels can also be attached to a polynucleotide, 
polypeptide, antibody or composition described herein. 
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0063 A "primer' is a short polynucleotide, generally 
with a free 3'-OH group that binds to a target or “template' 
potentially present in a sample of interest by hybridizing 
with the target, and thereafter promoting polymerization of 
a polynucleotide complementary to the target. A "poly 
merase chain reaction” (“PCR) is a reaction in which 
replicate copies are made of a target polynucleotide using a 
“pair of primers' or a “set of primers' consisting of an 
“upstream” and a “downstream' primer, and a catalyst of 
polymerization, such as a DNA polymerase, and typically a 
thermally-stable polymerase enzyme. Methods for PCR are 
well known in the art, and taught, for example in MacPher 
son et al. (1991) PCR 1: A Practical Approach (IRL Press at 
Oxford University Press). All processes of producing repli 
cate copies of a polynucleotide, such as PCR or gene 
cloning, are collectively referred to herein as “replication.” 
A primer can also be used as a probe in hybridization 
reactions, such as Southern or Northern blot analyses. Sam 
brook and Russell (2001), infra. 
0064. "Hybridization” refers to a reaction in which one or 
more polynucleotides react to form a complex that is stabi 
lized via hydrogen bonding between the bases of the nucleo 
tide residues. The hydrogen bonding may occur by Watson 
Crick base pairing, Hoogstein binding, or in any other 
sequence-specific manner. The complex may comprise two 
Strands forming a duplex structure, three or more Strands 
forming a multi-stranded complex, a single self-hybridizing 
Strand, or any combination of these. A hybridization reaction 
may constitute a step in a more extensive process, such as 
the initiation of a PCR reaction, or the enzymatic cleavage 
of a polynucleotide by a ribozyme. 
0065 Hybridization reactions can be performed under 
conditions of different “stringency'. In general, a low strin 
gency hybridization reaction is carried out at about 40°C. in 
10xSSC or a solution of equivalent ionic strength/tempera 
ture. A moderate stringency hybridization is typically per 
formed at about 50° C. in 6xSSC, and a high stringency 
hybridization reaction is generally performed at about 60° C. 
in 1xSSC. Additional examples of stringent hybridization 
conditions include: low stringency of incubation tempera 
tures of about 25° C. to about 37° C.; hybridization buffer 
concentrations of about 6xSSC to about 10xSSC; forma 
mide concentrations of about 0% to about 25%; and wash 
solutions from about 4xSSC to about 8xSSC. Examples of 
moderate hybridization conditions include: incubation tem 
peratures of about 40° C. to about 50° C.; buffer concen 
trations of about 9xSSC to about 2xSSC; formamide con 
centrations of about 30% to about 50%; and wash solutions 
of about 5xSSC to about 2xSSC. Examples of high strin 
gency conditions include: incubation temperatures of about 
55° C. to about 68°C.: buffer concentrations of about 1XSSC 
to about 0.1xSSC; formamide concentrations of about 55% 
to about 75%; and wash solutions of about 1XSSC, 0.1xSSC, 
or deionized water. In general, hybridization incubation 
times are from 5 minutes to 24 hours, with 1, 2, or more 
washing steps, and wash incubation times are about 1, 2, or 
15 minutes. SSC is 0.15 MNaCl and 15 mM citrate buffer. 
It is understood that equivalents of SSC using other buffer 
systems can be employed. Hybridization reactions can also 
be performed under “physiological conditions” which is 
well known to one of skill in the art. A non-limiting example 
of a physiological condition is the temperature, ionic 
strength, pH and concentration of Mg" normally found in a 
cell. 
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0066. When hybridization occurs in an antiparallel con 
figuration between two single-stranded polynucleotides, the 
reaction is called “annealing and those polynucleotides are 
described as “complementary'. A double-stranded poly 
nucleotide can be “complementary' or “homologous to 
another polynucleotide, if hybridization can occur between 
one of the strands of the first polynucleotide and the second. 
“Complementarity” or “homology” (the degree that one 
polynucleotide is complementary with another) is quantifi 
able in terms of the proportion of bases in opposing Strands 
that are expected to form hydrogen bonding with each other, 
according to generally accepted base-pairing rules. 
0067. The term “culturing refers to the in vitro propa 
gation of cells or organisms on or in media of various kinds. 
It is understood that the descendants of a cell grown in 
culture may not be completely identical (i.e., morphologi 
cally, genetically, or phenotypically) to the parent cell. 
0068. As used herein, the term “vector refers to a 
non-chromosomal nucleic acid comprising an intact replicon 
such that the vector may be replicated when placed within a 
cell, for example by a process of transformation. Vectors 
may be viral or non-viral. Viral vectors include retroviruses, 
adenoviruses, herpesvirus, bacculoviruses, modified baccu 
loviruses, papovirus, or otherwise modified naturally occur 
ring viruses. Exemplary non-viral vectors for delivering 
nucleic acid include naked DNA; DNA complexed with 
cationic lipids, alone or in combination with cationic poly 
mers; anionic and cationic liposomes; DNA-protein com 
plexes and particles comprising DNA condensed with cat 
ionic polymers such as heterogeneous polylysine, defined 
length oligopeptides, and polyethylene imine, in Some cases 
contained in liposomes; and the use of ternary complexes 
comprising a virus and polylysine-DNA. 
0069. A “viral vector is defined as a recombinantly 
produced virus or viral particle that comprises a polynucle 
otide to be delivered into a host cell, either in vivo, ex vivo 
or in vitro. Examples of viral vectors include retroviral 
vectors, lentiviral vectors, adenovirus vectors, adeno-asso 
ciated virus vectors, alphavirus vectors and the like. 
Alphavirus vectors, such as Semliki Forest virus-based 
vectors and Sindbis virus-based vectors, have also been 
developed for use in gene therapy and immunotherapy. See, 
Schlesinger and Dubensky (1999) Curr. Opin. Biotechnol. 
5:434-439 and Ying, et al. (1999) Nat. Med. 5(7):823-827. 
(0070. The term “promoter” refers to a region of DNA that 
initiates transcription of a particular gene. The promoter 
includes the core promoter, which is the minimal portion of 
the promoter required to properly initiate transcription and 
can also include regulatory elements such as transcription 
factor binding sites. The regulatory elements may promote 
transcription or inhibit transcription. Regulatory elements in 
the promoter can be binding sites for transcriptional activa 
tors or transcriptional repressors. A promoter can be consti 
tutive or inducible. A constitutive promoter refers to one that 
is always active and/or constantly directs transcription of a 
gene above a basal level of transcription. An inducible 
promoter is one which is capable of being induced by a 
molecule or a factor added to the cell or expressed in the cell. 
An inducible promoter may still produce a basal level of 
transcription in the absence of induction, but induction 
typically leads to significantly more production of the pro 
tein. Promoters can also be tissue specific. A tissue specific 
promoter allows for the production of a protein in a certain 
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population of cells that have the appropriate transcriptional 
factors to activate the promoter. 
0071. A “composition' is intended to mean a combina 
tion of active polypeptide, polynucleotide or antibody and 
another compound or composition, inert (e.g. a detectable 
label) or active (e.g. a gene delivery vehicle). 
0072 A “pharmaceutical composition' is intended to 
include the combination of an active polypeptide, polynucle 
otide or antibody with a carrier, inert or active such as a solid 
Support, making the composition Suitable for diagnostic or 
therapeutic use in vitro, in vivo or ex vivo. 
0073. As used herein, the term “pharmaceutically accept 
able carrier encompasses any of the standard pharmaceu 
tical carriers, such as a phosphate buffered saline solution, 
water, and emulsions, such as an oil/water or water/oil 
emulsion, and various types of wetting agents. The compo 
sitions also can include stabilizers and preservatives. For 
examples of carriers, stabilizers and adjuvants, see Martin 
(1975) Remington's Pharm. Sci., 15th Ed. (Mack Publ. Co., 
Easton). 
0074. A “subject,” “individual” or “patient” is used inter 
changeably herein, and refers to a vertebrate, preferably a 
mammal, more preferably a human. Mammals include, but 
are not limited to, murines, rats, rabbit, simians, bovines, 
ovine, porcine, canines, feline, farm animals, sport animals, 
pets, equine, and primate, particularly human. Besides being 
useful for human treatment, the present invention is also 
useful for veterinary treatment of companion mammals, 
exotic animals and domesticated animals, including mam 
mals, rodents, and the like In one embodiment, the mammals 
include horses, dogs, and cats. 
0075) “Host cell” refers not only to the particular subject 
cell but to the progeny or potential progeny of Such a cell. 
Because certain modifications may occur in Succeeding 
generations due to either mutation or environmental influ 
ences, such progeny may not, in fact, be identical to the 
parent cell, but are still included within the scope of the term 
as used herein. 
0076 Heat shock protein 90C. is a chaperone protein and 

is commercially available from abcam (ab48801). The 
amino acid sequence of the human protein is available at 
UniProtKB-P07900, last accessed on Nov. 30, 2015. 
0077. The term “albumin” refers to a family of globular 
proteins, which includes the serum albumins. Albumins are 
found in blood plasma and may not be glycosylated. The 
human serum protein is a 65-70 kDa protein, and the 
sequence is known in the art (see Accession No. 
NM 000477) or UnitProt P02868. Human serum albumin 
(HSA, or HA), is disclosed as SEQ ID NO:1038 in US 
Patent Publ. No. 2015/0329616, recombinant production of 
HA (rhA) in microorganisms has been disclosed in EP 330 
451 and EP361991. Animal homologs are known in the art. 
0078. The term “albumin derivative' intents a modified 
sequence or variant thereof, e.g., Proalbuin lille (see Abdo, 
et al. (1981) FEBS Letters, Vol. 131 (2):286) and US Patent 
Publ. No. 2015/0329616 which discloses albumin fusion 
proteins. 
0079 An "effective amount” is an amount sufficient to 
effect beneficial or desired results. An effective amount can 
be administered in one or more administrations, applications 
or dosages. Such delivery is dependent on a number of 
variables including the time period for which the individual 
dosage unit is to be used, the bioavailability of the thera 
peutic agent, the route of administration, etc. It is under 
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stood, however, that specific dose levels of the therapeutic 
agents of the present invention for any particular subject 
depends upon a variety of factors including the activity of 
the specific compound employed, the age, body weight, 
general health, sex, and diet of the Subject, the time of 
administration, the rate of excretion, the drug combination, 
and the severity of the particular disorder being treated and 
form of administration. Treatment dosages generally may be 
titrated to optimize safety and efficacy. Typically, dosage 
effect relationships from in vitro and/or in vivo tests initially 
can provide useful guidance on the proper doses for patient 
administration. In general, one will desire to administer an 
amount of the compound that is effective to achieve a serum 
level commensurate with the concentrations found to be 
effective in vitro. Determination of these parameters is well 
within the skill of the art. These considerations, as well as 
effective formulations and administration procedures are 
well known in the art and are described in standard text 
books. 
0080. The term administration shall include without limi 
tation, administration by oral, parenteral (e.g., intramuscu 
lar, intraperitoneal, intravenous, ICV, intracisternal injection 
or infusion, Subcutaneous injection, or implant), by inhala 
tion spray nasal, vaginal, rectal, Sublingual, urethral (e.g., 
urethral Suppository) or topical routes of administration 
(e.g., gel, ointment, cream, aerosol, etc.) and can be formu 
lated, alone or together, in Suitable dosage unit formulations 
containing conventional non-toxic pharmaceutically accept 
able carriers, adjuvants, excipients, and vehicles appropriate 
for each route of administration. The invention is not limited 
by the route of administration, the formulation or dosing 
schedule. 

MODES FOR CARRYING OUT THE 
DISCLOSURE 

Recombinant Therapeutic Polypeptides 
I0081. This disclosure provides a recombinant polypep 
tide comprising, or alternatively consisting essentially of, or 
yet further consisting of an Hsp90C. polypeptide sequence 
(SEQ ID NO.1), an F-8 polypeptide sequence (SEQ ID NO. 
2), an F-5 polypeptide sequence (SEQ ID NO. 3), an F-6 
polypeptide sequence (SEQ ID NO. 4: EEKEDKEEEKE 
KEEKESEDKPEIEDVGS DEEEEKKDGDKKKKK 
KIKEKYIDQEE), or an equivalent thereof, wherein the 
recombinant polypeptide is operatively linked to a non 
immunogenic carrier protein. The recombinant polypeptide 
comprise as a minimum amino acid sequence the 27-amino 
acid sequence of F-8 but may include additional amino acids 
on either or both the amine or carboxy termini of F-8. In one 
aspect, the additional amino acids include amino acids from 
the parent protein Hsp90C, e.g., the amino acids that are 
included with the polypeptide F-5 fragment consisting of 
115 amino acid units which is from amino acid number 236 
to 350 of Hsp90C, or alternatively and the F-6 fragment 
having 54 amino acid units from amino acid number 236 to 
289 of Hsp90O. (sequence EEKEDKEEEKEKEEKESEDK 
PEIEDVGSDEEEEKKDGD KIKEKYIDQEE) (SEQ ID 
NO. 4). In one aspect, the recombinant polypeptide specifi 
cally excludes the parent wild-type protein Hsp90C. or an 
equivalent thereof. 
I0082 In one aspect, the equivalent comprises, or alter 
natively consists essentially of, or yet further consist of a 
polypeptide having at least 70% amino acid identity to SEQ 
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ID NOS. 1, 2, 3, or 4 or a polypeptide that hybridizes to a 
polypeptide encoded by a polynucleotide that hybridizes 
under conditions of high Stringency to a reference poly 
nucleotide encoding a polypeptide comprising SEQID NOS. 
1, 2, 3 or 4 or the complement of the reference polynucle 
otide. 
0083. In certain aspects, the non-immunogenic carrier 
protein is selected from the group of albumin, pro-albumin, 
an albumin variant or derivative, glutathione S-transferase, 
serum, soybean trypsin inhibitor, thyroglobulin, ovalbumin, 
polyethylene glycol (PEG), or keyhole limpet hemocyanin. 
The non-immunogenic carrier protein is selected based on 
the Subject to be treated, e.g., a human albumin would be 
selected for treating a human patient. In a particular aspect, 
the non-immunogenic carrier protein comprises, or alterna 
tively consists essentially of, or yet further consists of 
albumin or a derivative thereof. 
0084. The carrier protein is operatively linked to the 
amine or carboxy termii of the F-8 polypeptide using linker 
or a variety of chemical modifications to join polypeptides. 
Methods for joining polypeptides are described in U.S. Pat. 
No. 6,475,490 and known in the art. 
0085 Alternatively, the recombinant polypeptide is pre 
pared by linking the polynucleotides encoding each portion 
of the protein into one continuous polynucleotide and 
expressing the polypeptide as a fusion protein. Thus, recom 
binant expression systems as described below are further 
provided herein. 

Polynucleotides and Expression Systems 

I0086. This disclosure also provides a polynucleotide 
encoding the recombinant polypeptide as described above. 
The polynucleotides can be contained with a vector that 
optionally comprises regulatory sequences operatively 
linked thereto for the expression and/or replication of the 
polynucleotides. The appropriate regulatory sequences, e.g., 
promoters, will vary with the sequence (DNA or RNA) and 
the use of the polynucleotide. Host cells, e.g., prokaryotic 
(E. coli or other bacteria), eukaryotic (animal or plant) can 
comprise the polynucleotides, with or without containment 
within a vector for expression or replication of the poly 
nucleotides. 
0087. The polynucleotides of this invention can be rep 
licated using conventional recombinant techniques. Alterna 
tively, the polynucleotides can be replicated using PCR 
technology. PCR is the subject matter of U.S. Pat. Nos. 
4,683, 195; 4,800,159; 4,754,065; and 4,683,202 and 
described in PCR: The Polymerase Chain Reaction (Mullis 
et al. eds. Birkhauser Press, Boston (1994)) and references 
cited therein. Yet further, one of skill in the art can use the 
sequences provided herein and a commercial DNA synthe 
sizer to replicate the DNA. Accordingly, this invention also 
provides a process for obtaining the recombinant polypep 
tide of this disclosure by providing the linear sequence of the 
polynucleotide, appropriate primer molecules, chemicals 
Such as enzymes and instructions for their replication and 
chemically replicating or linking the nucleotides in the 
proper orientation to obtain the polynucleotides. In a sepa 
rate embodiment, these polynucleotides are further isolated. 
Still further, one of skill in the art can operatively link the 
polynucleotides to regulatory sequences for their expression 
in a host cell. The polynucleotides and regulatory sequences 
are inserted into the host cell (prokaryotic or eukaryotic) for 
replication and amplification. The DNA so amplified can be 

Jun. 1, 2017 

isolated from the cell by methods well known to those of 
skill in the art. A process for obtaining polynucleotides by 
this method is further provided herein as well as the poly 
nucleotides so obtained. 
I0088 Expression vectors containing these nucleic acids 
are useful to obtain host vector systems to produce proteins 
and polypeptides. It is implied that these expression vectors 
must be replicable in the host organisms either as episomes 
or as an integral part of the chromosomal DNA. Suitable 
expression vectors include plasmids, viral vectors, including 
adenoviruses, adeno-associated viruses, retroviruses, cos 
mids, etc. Adenoviral vectors are particularly useful for 
introducing genes into tissues in vivo because of their high 
levels of expression and efficient transformation of cells 
both in vitro and in vivo. When a nucleic acid is inserted into 
a suitable host cell, e.g., a prokaryotic or a eukaryotic cell 
and the host cell replicates, the protein can be recombinantly 
produced. Suitable host cells will depend on the vector and 
can include mammalian cells, animal cells, human cells, 
simian cells, insect cells, yeast cells, and bacterial cells as 
described above and constructed using well known methods. 
See Sambrook and Russell (2001), supra. In addition to the 
use of viral vector for insertion of exogenous nucleic acid 
into cells, the nucleic acid can be inserted into the host cell 
by methods well known in the art such as transformation for 
bacterial cells; transfection using calcium phosphate pre 
cipitation for mammalian cells; DEAE-dextran; electropo 
ration; or microinjection. See Sambrook and Russell (2001), 
Supra for this methodology. The recombinant polypeptides 
can be isolated from the cell culture by use of purification 
tags or antibodies to the specific portions of the polypeptide, 
e.g., the albumin or the F-8 portion. 

Compositions and Therapeutic Uses 
I0089. This disclosure also provides a composition com 
prising, or alternatively consisting essentially of or yet 
further consisting of any one or more of the recombinant 
polypeptide, the polynucleotide or the complement thereof, 
the vector or the host cell, as described above, and a carrier. 
The composition can further comprise a therapeutic agent 
other than the recombinant polypeptide, e.g., PDGF. In one 
aspect, the carrier is a pharmaceutically acceptable carrier. 
In another aspect, the composition is formulated for topical 
administration. Non-limiting examples of Such include an 
aqueous Solution, a Suspension, a dispersion, a salve, an 
ointment, a gel, a cream, a lotion, a spray, a lyophilized 
powder, or a paste. 
0090 The compositions can additional contain solid 
pharmaceutical excipients such as starch, cellulose, talc, 
glucose, lactose. Sucrose, gelatin, malt, rice, flour, chalk, 
silica gel, magnesium Stearate, Sodium Stearate, glycerol 
monostearate, Sodium chloride, dried skim milk and the like. 
Liquid and semisolid excipients may be selected from 
glycerol, propylene glycol, water, ethanol and various oils, 
including those of petroleum, animal, vegetable or synthetic 
origin, e.g., peanut oil, soybean oil, mineral oil, Sesame oil, 
etc. Liquid carriers, particularly for injectable Solutions, 
include water, saline, aqueous dextrose, and glycols. 
0091. The pharmaceutical compositions can be adminis 
tered by any one of the following routes: topically, ocular, 
oral, systemic (e.g., transdermal, intranasal or by Supposi 
tory), or parenteral (e.g., intramuscular, intravenous or Sub 
cutaneous) administration. In some embodiments, the man 
ner of administration is oral using a convenient daily dosage 
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regimen that can be adjusted according to the degree of 
affliction. Compositions can take the form of tablets, pills, 
capsules, semisolids, powders, Sustained release formula 
tions, Solutions, Suspensions, elixirs, aerosols, or any other 
appropriate compositions. Another manner for administer 
ing the compositions as described herein is topically. 
0092. The compositions can be formulated to a define 
therapeutic strength, e.g., wherein the concentration of the 
polypeptide is from about 0.025 g/ml to about 200 g/ml. 
or 0.5 lug/ml to about 150 lug/ml, or about 0.1 lug/ml to about 
100 g/ml, or from about 0.3 ug/ml to about 50 lug/ml. 
0093. The recombinant polypeptides and compositions as 
described herein are useful in methods to promote epidermal 
tissue regeneration and/or re-epithelialization or prevent cell 
apoptosis in wounded epithelial tissue, in a Subject in need 
thereof, the method comprising, or alternatively consisting 
essentially of, or yet further consisting of administering to 
a tissue in need thereof an effective amount of the polypep 
tide or composition as disclosed herein, thereby promoting 
epidermal tissue regeneration and/or re-epithelialization or 
preventing cell apoptosis in wounded epithelial tissue. In 
one aspect the Subject is a mammal, e.g. a human patient. 
0094. The recombinant polypeptides and compositions as 
described herein are useful in methods to promote wound 
healing, or to treat or heal wounds in a Subject in need 
thereof, the method comprising, or alternatively consisting 
essentially of, or yet further consisting of administering to 
the wounded tissue in need thereof an effective amount of 
the polypeptide or composition as disclosed herein. In one 
aspect the Subject is a mammal, e.g. a human patient. 
0095. In one aspect, the compositions are topically 
applied to the area to be treated. 
0096. The compositions can be combined with other 
wound-healing therapeutic agents, e.g., PDFG and the 
administration of the recombinant polypeptide and the other 
therapeutic agent is concurrent or sequential. 
0097. The recombinant polypeptide or the compositions 
can be administered as need and determined by the treating 
physician, e.g., non-limiting treatment regimens include 
about every 6 to about every 72 hours or about every 24 to 
about 48 hours. 

Materials and Methods 

Animals 

0098. Female Yorkshire pigs (S&S Farms, Ramona, 
Calif.) 2 to 3 months in age and weighing 20-25 kgs at 
arrival were acclimated for at least one week prior to 
experimental procedures. Six normal pigs were used for 
non-diabetic control wound studies. An additional six pigs 
were made diabetic by STZ injection, among which one pig 
died 5 days after STZ induction of unknown etiology. The 
other five pigs were maintained in a diabetic state through 
out the periods of experiments with fasting blood glucose 
levels above 200 mg/dl. 

Studies in Non-Diabetic Healthy Pigs 

0099. During the initial “wound pattern' studies, 2.0 
cmx2.0 cm full-thickness wounds were created in healthy 
pigs exactly following the procedures as described in detail 
below. 
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Induction of Hyperglycemia by STZ in Pigs 

0100 STZ (Enzo Life Science, Farmingdale, N.Y.) was 
prepared in 0.9% saline (Teknova, Hollister, Calif.), steril 
ized by filtration through a 0.22 mm filter and administered 
at 150 mg/kg of body weight after the pig was sedated. The 
intravenous injections were carried out over 15-20 minutes. 
Fasting blood glucose levels were tested twice weekly with 
“Freesytle light' glucose monitor and test strips (Abbott 
Diabetes Care, Alameda, Calif.). The blood glucose levels 
were sustained between 250 and 450 mg/dl during the 
course of the experiments whether it was one month or four 
months, largely by controlling the daily food intake of the 
animals. Humulin N insulin (Eli Lilly, Indianapolis, Ind.) 
also was planned to be given intravenously to the pigs if the 
glucose levels rose to 600 mg/dl or higher in order to avoid 
possible ketoacidosis. To test the blood levels of Alc, 1 cc 
of blood was collected from the ear vein and tested by 
Antech Diagnostics (Irvine, Calif.) for the averaged concen 
tration of glycated hemoglobin. Alc serves as a marker for 
the average blood glucose levels for the previous period of 
three months. 

Creating the Pattern of Multiple Wounds for Control and 
Treatments 

0101. A new pattern of wounds for fair comparative 
studies is proposed. Wounds on one side of the pig were 
entirely used for control treatments (sterile carboxymethyl 
cellulose, CMC) and wounds on the other side of the pig 
used for treatments of the peptides of interest (see the text 
for details). All Surgical procedures took place under sterile 
conditions in a designated operating room. Animals were 
pre-medicated with Ketamine/Xylazine 2.2-4.4 mg/kg. 
Once sedated, animals were intubated and maintained with 
1-4% Isoflurane continuous inhalation. Intramuscular injec 
tions of Bupronorphene at 0.02-0.05 mg/kg and Carprofen 
tablets at 2-4 mg/kg were used as post-operative analgesics. 
Under anesthesia, the pig's sides were shaved and prepared 
with betadine scrub and solution. Wounds were created on 
day 14, 20, 45 or 90 following STZ injection. Depending 
upon design of a given experiment, nine (in three rows) to 
twelve (in four rows) 1.5 cm 61.5 cm squares were outlined 
using permanent black marker around a premade template 
on the pigs torso. This area was washed with ethanol and 
prepped with sterile drapes. The distance between two 
wounds is 2.5 cm. 

0102. Using number 15 scalpel blades the wounds were 
cut to a full thickness depth; the epidermis, dermis and 
underlying fat were removed to expose the fascia layer 
below. The depths of the wounds were measured at approxi 
mately 5 mm. In one embodiment, the number of wounds on 
each side is 12, making total 24 wounds for each Surgery in 
a pig. 
0103 FDA-approved becaplermin gel (Regranex from 
Smith and Nephew, Andover, Mass., or recombinant human 
PDGF-BB) was used as a positive control for the treatment 
of diabetic wounds. Recombinant full-length or the F-5 
fragment of Hsp90C. were mixed in 0.3 gm of 15% sterile 
CMC. These drug or tested Hsp90C. proteins were topically 
applied on wounds in triplicates in a pig. Wounds were then 
covered with Opsite clear bandages (Smith and Nephew, 
Hull, UK), overlaid with a cotton gauze cloth taped to cover 
the entire wound area. Finally, the entire area that included 
all the wounds on two sides of the pig is wrapped (360°) in 
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elastic bandages, followed by a final wrap in Elastikon 
(Johnson & Johnson, New Brunswick, N.J.). 

Measurements of Wound Healing 
0104. After surgery and various treatments, digital pho 
tographs were taken individually of each wound on day 0, 7. 
14, and 21 from a fixed distance. Wound healing was 
analyzed based on measurements of the wound closure and 
histology/immunohistochemistry. To measure wound clo 
Sure, the area of an open wound on that day was measured 
and compared to the area of the wound on day 0 following 
surgery, using the software AlphaEase FC version 4.1.0 
(Alpha Innotech Corporation, Miami, Fla.), as previously 
described 8, 9. The histological analyses were carried out 
for skin wounds and the pancreas. Wedge biopsies measur 
ing 2 cmx2 cm were taken on day 14, 21 or otherwise 
specified day for skin wounds. The pancreas was removed 
on the day when the animal was sacrificed. All tissue 
samples were fixed in 10% formalin (VWR. Randor, Pa.), 
and placed in paraffin blocks for sectioning. Immunohisto 
chemistry studies on skin wounds were conducted with 
anti-PECAM-1 (1:100, SC-1506, Santa Cruz, Biotechnol 
ogy, Santa Cruz, Calif.), anti-AGE (1:1000, ab23722, 
Abcam), anti-pan keratin (1:100, ab8068, Abcam) and anti 
calprotectin molecule for macrophage staining (1:100, mA1 
80446. Thermo Fisher Scientific, Rockford Ill.) antibodies. 
Sections of the pancreas from normal and diabetic pigs were 
immunostained with anti-insulin antibody (1:50, 
GTX73558, GeneTex), according to previously detailed 
procedures 8. 
0105 Sections were also stained via Picrosirius Red and 
H&E. PECAM-1 (capillary lumen) density in the wound 
beds were measured as the average number of PECAM-1 
positive lumens from five high powered fields (HPF, 20x) 
per section. Analysis was performed by a pathologist who 
was blinded to the treatment groups. Similarly, the numbers 
of macrophages in seven high powered fields (HPF, 20x) 
were averaged 38. 
Isolation of Primary Skin Cells from Pigs and Humans 
0106 Human skin samples from patients obtained with 
informed consent for elective surgeries were washed with 
PBS then placed in PBS containing 25 caseinolytic units/ml 
of dispase (BD Bioscience, San Jose, Calif.) and incubated 
overnight at 4°C. The skin samples were washed with PBS 
and the epidermis was separated from the dermis by a set of 
sterilized Surgical tools. To isolate keratinocytes, the epider 
mis was placed in 0.25% trypsin-EDTA solution (Gibco, 
Life Technologies, Grand Island, N.Y.) for 20 minutes at 37° 
C. and the digestion reaction stopped by the addition of 
soybean trypsin inhibitor. The cell and tissue mixture was 
poured through a cell strainer and spun down (1300 g, 3 
minutes). The cell pellets were re-suspended in and washed 
with PBS. After a final spin down, keratinocyte media 
containing 1% gentamycin was used to re-suspend the cells 
and then plated in tissue culture dishes pre-coated with rat 
tail type I collagen (29 mg/ml, BD Bioscience). To isolate 
dermal fibroblasts, the dermis section was minced and 
placed in collagenase (1000 units/ml, Alfa Aesar, Ward Hill, 
Mass.) for 2 hours at 37°C. The tissue and cell mixture were 
passed through a cell Strainer. Cells were spun down and 
washed with PBS. Cell pellets were plated with 20% fetal 
bovine serum (FBS)-containing DMEM medium. After the 
majority of cells have attached, the amount of FBS was 
reduced from 20% to 10%. 
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0107 The isolation of pig keratinocytes follows the same 
procedures as above for human keratinocytes except the 
media is Supplemented with a higher concentration of cal 
cium (0.3 mM Ca2+) 39. Without being bound by a 
theory, pig keratinocytes were more sensitive to the human 
keratinocyte media and were unable to survive beyond the 
initial attachment of the cells. By testing varying concen 
trations of calcium, we found that 0.3 mM Ca2+ provided 
the best Support for pig keratinocyte growth. Pig dermal 
fibroblasts were able to survive and expanded for several 
passages using the same media as human dermal fibroblasts. 

Protein Purification 

0.108 cDNA cloning, production and purification of 
recombinant Hsp90C. proteins have been carried out as 
previously described 7, 9. 

Recombinant Polypeptide Production 

0109 F-8 was linked to pig (NM_001005208, Size: 1902 
bp) and human (NM 000477.5, cDNA Size:1830 bp) albu 
min cDNAs by one of the four mechanisms used for drug 
development, called "drug-HAS conjugate' (see Kratz, F. 
(2008) Albumin as a drug carrier. Design of prodrugs, drug 
conjugates and nanoparticles. J. Control. Release, 132, 171 
183). The choice of the pig albumin gene is because the 
preclinical host is pigs but when the use is for human 
patients, human albumin is used. The experimental strategy 
is to use a single step polymerase chain reaction (PCR) to 
clone the albumin gene together with in framed F-8 
sequence to the pET. 15b His-tag expression vector. To do so, 
the 5' primer of PCR contains a designed restriction enzyme 
site (from plT15b vector) followed by the 18 nucleotides 
encoding the first six amino acids of the albumin gene. The 
3' primer of PCR, however, contains 18 nucleotides encod 
ing the last 6 amino acids of the albumin gene at the 5' end 
followed by 81 nucleotides that encode the 27 amino acids 
of the human F-8, followed by a designed restriction enzyme 
site (from pET15b) at the 3' end. As a control for specificity, 
the corresponding 27 amino acids from human Hsp903, 
F-8f3, is cloned and used as the negative control. Vertebrates 
have two Hsp90 genes, Hsp90C. and Hsp903. A study shows 
that only topically applied Hsp90C, but not Hsp903, protein 
is capable of promoting wound healing (see Jayaprakash et 
al. (2015) Hsp90C. and Hsp903 together operate a hypoxia 
and nutrient paucity stress-response mechanism during 
wound healing. J. Cell Scie. 128:1475-80). Within the two 
corresponding F-8 regions, Hsp90C. and Hsp903 differ in 
seven amino acids throughout the evolution (see Li et al. 
(2012) Secreted heat shock protein-90 Hsp90 in wound 
healing and cancer. Biochim Biophys Acta, 1823, 730-41). 
Without being bound by a theory, within the seven amino 
acid variants, two lysine residues in Hsp90C., (they are 
substituted by alanine and threonine residues in Hsp903 
determine the wound-healing activity of Hsp90C. Thus, the 
purpose of having “albumin-F-8f3 fusion protein as a con 
trol is to ensure that the observed effects come from F-8C, 
not from the albumin part. A schematic representation of this 
design is shown in FIG. 11. 
0110. The albumin-F8 constructs in pRT15 vector can be 
transformed into the BL-21 bacterium strain for protein 
production. Studies show the utilization of plT15b system 
for Hsp90 protein production and purification by Ni" affinity 
chromatography (Cheng et al. (2008) Transforming growth 
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factor alpha (TGFalpha)-stimulated secretion of 
HSP90Calpha: using the receptor LRP-1/CD91 to promote 
human skin cell migration against a TGFbeta-rich environ 
ment during wound healing. Mol Cell Biol 28: 3344-3358: 
Cheng et al. (2011) A fragment of secreted Hsp90Calpha 
carries properties that enable it to accelerate effectively both 
acute and diabetic wound healing in mice. J Clin Invest 121: 
4348-4361; Li et al. (2007) Extracellular heat shock protein 
90Calpha: linking hypoxia to skin cell motility and wound 
healing. EMBO J 26: 1221-1233) and those methods were 
followed here. In one embodiment, additional step(s) of 
protein purification can be added, for example the step of 
FPLC (fast protein liquid chromatography) protein purifi 
cation. An additional method to purify Hsp90O. protein, is to 
use the HiLoad 16/60 Superdex 200 pg column (GE) with 
60-65 fractions, 2 ml per fraction). The protein purity of 
FPLC is determined by the densitometry scanning of the 
ambumin-F8 protein divided by the densitometry scanning 
number of the entire lane (18 kDa to 250 kDa) in Coomassie 
blue-stained SDS gel, as described previously in Sahu et al. 
(2012) Mol Biol Cell, 23, 602-13. An additional ion-ex 
change chromatography can be used to achieve the desired 
purify of certain fragments of Hsp90C. protein. An additional 
cation exchange chromatography (HiTrap SPHP, GE) FPLC 
step has made the purity of these proteins to >90%. For both 
in vitro and in vivo experiments, purified proteins will all be 
adjusted to the final concentration of 1 lug/ml in PBS with 
1% glycerol, divided to aliquots and stored at -80° C. 

Cell Migration Assays 

0111. The colloidal gold migration assay was conducted 
as described previously 37. Data from independent experi 
ments (n-3) were averaged and calculated (mean SD, p. 
0.05). In addition to rat tail collagen I, porcine collagen type 
I/III (45%/45%) from YO Proteins (Huddinge, Sweden) was 
also used in pig cell migration assays as a comparison. 

Statistic Analyses 
0112 Data on animal wound healing were based on three 
or more independent experiments, multiple diabetic and 
control pigs. Data are presented as mean +/-standard devia 
tion (s.d.). Statistical significance for comparisons was 
determined by the Student's two-tailed t-test. A p value 
equal or less than 0.05 was considered statistically signifi 
cant 40, 41. 

Ethics Statement 

0113 All animal studies were according to a porcine 
animal protocol approved by the University of Southern 
California’s Institutional Animal Care and Use Committee 
(Protocol #11581). Early termination, if necessary, of ani 
mals was in accordance with USDA’s currents space 
requirements found in the 8th Edition of the Guide for the 
Care and Use of Laboratory Animals. 
0114 Human skin samples from patients were obtained 
under the protocol HS-11-00156 “Isolation of primary cells 
from various human tissues.’ Samples were obtained during 
elective Surgeries and are de-identified. These samples are 
to-be-discarded waste tissue from the operating room and 
therefore no formal consent is given. Patient information is 
not collected nor recorded. The protocol and consent pro 
cedures were approved by the University of Southern Cali 
fornia Health Sciences Campus Institutional Review Board. 
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Results 

0115 Comparisons of Skin from Four Preclinical Models 
0116 Simultaneously, the histology of vertical sections 
of skin from humans, pigs, rats and mice was evaluated. The 
biopsies from rodents and pigs are from similar sites along 
the spinal region, while the human samples came from 
different locations due to the variability of the surgical 
procedures. Nonetheless, similar results were obtained as 
those presented in FIG. 1. Human and pig skin share many 
similarities in their overall thickness and architecture, 
including a clear division between the epidermis and the 
dermis and appearance of appendage (hair follicles, Sweat 
glands, sebaceous glands) distribution (panels. A vs. B). 
0117 Compared to humans, pigs have less vasculature in 
their skin and pigs do not have eccrine Sweat glands 10 
whereas humans have both eccrine and aporcine Sweat 
glands. Rodents have eccrine glands in their foot pads only 
11. The total epidermis of pigs measures 30-140 mm, 
while human epidermis measures 50-120 mm, rodent epi 
dermis on the other hand measures only 10-45 mm 1, 12, 
13. The turnover time of the epidermal layer is approxi 
mately 30 days for pigs, 26-28 days for humans 14, 15 but 
only 8-10 days for rodents 16, 17. The combined thickness 
of the epidermis and dermis in rodent skin is about 10% to 
15% that of human skin (FIG. 1, panels C and D vs. A and 
B). The outer most layer of the epidermis is the stratum 
corneum, here the number of cell layers is similar between 
pigs and humans; pigs having anywhere between 10-25 
layers depending on anatomical location 18, while humans 
average around 15-25 cell layers 19. Rodents though 
typically have only 5 cell layers 20 in their stratum 
corneum. The turnover rate of the stratum corneum cells is 
16 days for pigs 15 and 17 days for humans 21. 
0118 Not only is the skin architecture similar between 
pigs and humans, but so is their wound healing processes. 
Wound contraction accounts for 90% of wound healing in 
rodents, while it only accounts for 50% in pigs and 25-50% 
in humans 22. The wound contraction in rodents is due to 
the presence of the Subcutaneous panniculus carnosus layer, 
which is not found in pigs or humans1. It is therefore the 
similarities between the architecture and wound healing 
processes between humans and pigs that make them an ideal 
model. 

Relationship Between Locations and Healing Rates of 
Wounds in Pigs 

0119 There has been variability in the utilization of pigs 
as a wound healing model in different laboratories and there 
is a need to establish a standard procedure to create and treat 
pig skin wounds. Specifically, along the left or right side of 
the torso where the wounds are created, the elasticity, 
thickness and hair follicle density differ from both top to 
bottom and from left to right, even within the distance of a 
few centimeters. The epidermis of the skin becomes more 
pliable going from the top to the bottom side of the torso. As 
shown in FIG. 2A, wounds that are only a few centimeters 
from top to bottom (panels a and b) showed significantly 
different healing rates (panel c VS. panel d). Similarly, as 
shown in FIG. 2B, wounds that are a few centimeters apart 
from left to right (panels e and f) on the same side of the 
torso showed different healing rates (panelh vs. panel g). In 
contrast, wounds created at similar locations, but on the 
opposite side of the torso, underwent healing at a similar rate 
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(FIG. 2C, panel k vs. panel 1). Quantitation of the represen 
tative experiment is shown as a percentage of the unhealed 
wound (%) below images. In addition, due to the constant 
movement of the animal (standing and lying down, running 
around and Scratching against enclosure), exchanges by 
diffusion could occur between drug-treated and placebo 
treated wounds on the same side of the torso. As Schemati 
cally shown in FIGS. 2D and 2E, wounds should be created 
on opposite sides of the torso and the wounds should not be 
randomly matched for a treatment versus its control. Instead, 
as indicated by the same colored boxes, matching wounds 
for treatment and control should be at corresponding but 
opposite sides of the pig's body. FIGS. 2F and 2G show that 
real wounds were created on both sides of a pig, in which 
two matching wounds are marked with the same colored 
squares for a given treatment and its control. 
0120 To verify the above design, the wounds were 
topically treated with recombinant F-5 (amino acids 236 to 
350) of human heat shock protein-90Calpha (Hsp90C), 
which has been previously shown to accelerate wound 
closure in mice 8, 9). As shown in FIG. 3B, topical 
application of F-5 on day 0 accelerated the wound closure on 
day 3, 7 and 14 (lower panels, a' to d"), compared to the 
control (CMC vehicle) treatment (upper panels, a to d). 
Quantitation of the data is shown in FIG. 3C, which clearly 
indicates the wound healing-promoting effect of F-5. 
0121 More encouragingly, H&E staining of the wounds 
on day 14 revealed that F-5 accelerated the re-epithelializa 
tion process, i.e. lateral migration by the keratinocytes at the 
wound edge, compared to the control (FIG. 3D, panel b vs. 
panel a). 
0122 Shared parameters of human diabetes by STZ 
treated pigs Streptozotocin (STZ) enters beta (B) cells 
through the glucose transporter 2, GLUT2, and causes beta 
cells to undergo destruction via necrosis, resulting in dia 
betes in many animal species 23. Nevertheless, a compre 
hensive analysis of STZ-induced diabetes in pigs with the 
defined parameters in diabetic humans was not available in 
wound healing studies. The following were examined: insu 
lin-producing islets in the pancreas, blood glucose profiles, 
body weight profiles and blood A1c (hemoglobin A1c) 
levels in pigs following STZ injection up to four months. As 
shown in FIGS. 4A-4E, a representative farm pig appeared 
normal 7 weeks after intravenous injection with STZ and its 
completion of the first wound healing study between week 
2 and week 4 (see healed wound marks on the right side of 
its torso). Sections of pancreases removed from either nor 
mal or STZ-treated pigs were subjected to anti-insulin 
antibody immunostaining analysis, which showed complete 
destruction of the insulin-producing islets from the STZ 
treated pig in comparison to a control pig (FIG. 4B, panel b 
vs. panel a). The blood glucose level rose rapidly to 300 
mg/dl within 24 hours following STZ injection and main 
tained hyperglycemic levels up to four months, whereas 
normal pigs kept normoglycemia as expected (FIG. 4C, red 
dotted line). 
0123 Normal pigs that reached the 50 kg weight limit 
within 60 days were euthanized in accordance with USDA's 
current space requirements found in the 8th Edition of the 
Guide for the Care and Use of Laboratory Animals. STZ 
treated pigs gained weight slower than non-diabetic pigs, 
resembling human diabetic patients (FIG. 4D). The blood 
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A1c level of the STZ-treated pigs increased to an average of 
4.6%, in comparison to an average of 3.6% in non-diabetic 
pigs (FIG. 4E). 
0.124. Furthermore, H&E histology, Picrosirius Red 
staining and AGE immunohis-tochemistry staining analyses 
showed that diabetic pig skin underwent changes similar to 
those in diabetic human skin. As shown in FIG. 5A, H&E- 
stained diabetic human skin showed less density in the 
dermal connective tissue (black arrow, panel c) than normal 
human skin (panel a). The pixel density of “white space” 
was measured in 3 equally sized fields of the dermis for each 
of the different skin Samples (no skin appendages were 
present in the fields measured, see boxes in FIG. 5, panels 
b and d). Density measurements for the normal human 
sample are 672+/-37.7 white pixels (wp)/field (f) versus 
1450+/-124.9 wip/f in the diabetic human sample. Similarly, 
STZ-treated pig skin also exhibited less density of the 
dermal connective tissues (black arrows) than normal pigs 
(panel d VS. panel b) although not as Strikingly as with the 
human samples, most likely due to the shorter period of time 
the pig had been in a hyperglycemic state. The white space 
density for the normal pig is 639--/-51.6 wip/f versus 818+/- 
38.1 wip/f. These observations were further confirmed by 
staining collagens with PicroSirius Red and visualized under 
polarized light. As shown in FIG. 5B, the collagen in the 
dermis of diabetic human (panel g) and diabetic pig (panel 
h) were disorganized, in comparison with the non-diabetic 
skin controls (Panels e and f). Moreover, both diabetic 
human and diabetic pig skin showed increased glycation 
levels. As shown in FIG. 5C, AGE staining showed overall 
increased glycation in diabetic human skin (panelk vs. panel 
i). Similarly, in diabetic pig skin, a scattered but significant 
increase in glycation, again likely due to the much shorter 
period of hyperglycemia, was clearly detected (panel 1), in 
comparison to the control (panel ). These results indicated 
that STZ-treated pigs exhibited the characteristics of diabe 
tes similar to those in humans. 
0.125 Unexpectedly, Applicant discovered that treatment 
and control wounds should be on the opposite and corre 
sponding sides of a pig and demonstrates a strong correla 
tion between duration of diabetic conditions and the length 
of delay in wound closure. Using these new models, the 
minimum therapeutic entity of secreted Hsp90C is identified 
to a 27-amino acid peptide, called fragment-8 (F-8). In 
addition, results of histochemistry and immunohistochem 
istry analyses reveal more organized epidermis and dermis 
in Hsp90C-healed wounds than the control. Finally, Hsp90C. 
uses a similar signaling mechanism to promote migration of 
isolated pig and human keratinocytes and dermal fibroblasts. 
The result shows standardized pig models for acute and 
diabetic wound healing studies are useful for testing both an 
approved drug and an unproved therapeutic agent. 

Identification of the Onset for Delayed Wound Healing in 
STZ-Treated Pigs 
0.126 Delayed healing is the clinical signature of diabetic 
skin wounds in humans. A previous study reported 4 to 6 
days of delay in skin wound closure in pigs that were 
wounded 14-20 days following STZ injection 24. Without 
being bound by a theory, it might need to take a longer 
period of time for diabetic conditions to cause any signifi 
cant delay in wound healing. To test this hypothesis, a series 
of wound healing experiments were conducted in pigs 
whose diabetic conditions were kept for 20, 45 and 90 days 
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prior to the surgical procedures. As shown in FIG. 6A, 1.5 
cmx1.5 cm full thickness wounds in control pigs healed 
around day 14 (panels a, b, c). Similar wounds did not show 
any significant delay in the pigs 20 days following STZ 
injection (FIG. 6B, panels d, e, f), after quantitation (6E). 
However, a significant delay in wound closure was detected 
in pigs 45 days following STZ injection (FIG. 6C, panels g, 
h, i,j VS. panels a, b, c). The wounds clearly remained open 
on day 14 (panel i) and closed around day 21 (panel ). 
Quantitation of the data showed 12-15% delay in wound 
closure (FIG. 6F). More convincingly, in pigs 90 days 
following STZ injection prior to Surgery, the wounds 
remained open even on day 21 (FIG. 6D, panel n). Quan 
titation showed 18-30% delay in wound healing (FIG. 6G). 
The experiments could not continue beyond 90 days fol 
lowing STZ injection, due to the 50 kg weight limit set by 
the USDA space requirements for pigs. 

F-5 Versus Becaplermin (PDGF-BB) Gel on Promoting 
Wound Healing in Diabetic Pigs 
0127. Using the above diabetic pig model, F-5 was also 
tested for its ability to correct delayed wound healing. On 
wounds in pigs 45 days following STZ administration, as 
shown in FIG. 7A, 10 mM of F-5 showed a modest promo 
tion of wound closure on both day 7 and day 14, in 
comparison to placebo controls (panels d, e. f VS. panels a, 
b, c). A greater enhancement was observed with 30 mM of 
F-5, especially on day 7 (panels h vs. panels b and e). The 
45 mM F-5 showed rather a weaker stimulatory effect on day 
7, with the strongest effect on day 14, leading to complete 
closure of the wounds (panel 1 vs. panels c. for i). The 60 
uM F-5 showed little further improvement on day 7 and a 
slightly inhibitory effect on day 14, in comparison to 45uM 
of F-5 (panels n. q vs. panelsk, 1). Quantitative analyses of 
these experiments are shown in FIG. 7B. These results 
indicated a plateau effect for F-5 in diabetic pig wounds 
between 30 uM to 45 uM. 
0128. The treatment results of 45 mM dosage of F-5 were 
compared to the becaplermin gel treatment. As shown in 
FIG. 7C, delayed wound healing was observed in CMC 
alone-treated wounds that remained open on day 14 (panels 
a', b", c'). Treatment with becaplermin gel accelerated the 
wound closure on day 7 and day 14 (panels d', e', f). In 
parallel, treatment with F-5 showed a comparable stimula 
tory effect on day 7 to becaplermin gel (panel h' vs. panel e') 
and a stronger effect on day 14 than becaplermin gel (panel 
1" vs. panel f). Quantitative analysis of these results is shown 
in FIG. 7D. Interestingly, as shown in FIGS. 8A-8F, histo 
chemistry and immunohistochemistry analyses showed that 
the F-5-treated wounds exhibited enhanced re-epithelializa 
tion (insert FIG. 8A, panel b), more organized collagen 
deposition (FIG. 8B, panel k) than becaplermin gel or the 
CMC alone treated wounds. Also, both F-5 and CMC 
control treated wounds had a similar amount of blood vessel 
formation over becaplermin treated wounds (FIG. 8B, pan 
els d and e vs. f). Finally, both F-5 and becaplermin treated 
wounds showed less inflammation with fewer macrophages 
present in the wound bed over the CMC alone treated 
wounds (FIG. 8C, panels hand i vs. g). 

27-Amino Acid Peptide, F-8, Determines Extracellular 
Hsp90C. Function in Wound Healing 
0129. A peptide that reaches its minimum size and still 
retains its function is preferred for therapeutic development, 
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because of its higher specificity and lower off-target effects, 
especially when an unrelated carrier protein can be used to 
correct its possibly compromised Stability. This concept 
prompted us to further identify the minimum size of Hsp90C. 
that still retains the pro-motility activity of Hsp90C. in vitro 
and enhanced wound healing effect in vivo. Deletion muta 
genesis of the F-5 fragment, as schematically Summarized in 
FIG. 9A, led to the 54-amino acid peptide, called F-6, that 
retained the pro-motility effect of F-5. When F-6 was further 
shortened into two 27-amino acid peptides, called F-7 and 
F-8, F-8, but not F-7, still retained a majority of the 
pro-motility activity of F-5. The results also shows that 
neither F-6 nor F-8 peptide alone was able to promote pig 
wound healing. 
0.130. To test the possible compromised stability of these 
peptides in the wound environment, glutathione S-trans 
ferase (GST) was linked to F-6 and F-8 as a carrier protein. 
As shown in FIG. 9B, GST-FL (Hsp90C), GST-F-6, GST 
F-8 and GST alone were shown in an SDS-PAGE gel with 
BSA as control. Interestingly, when GST-F-6 and GST-F-8 
proteins were topically applied to normal pig wounds, as 
shown in FIG.9C, both GST-F-6 (panels j, k, 1) and GST-F-8 
(panels m, n, o) were able to promote wound healing as 
much as GST-FL Hsp90C. did (panels g, h, i), in comparison 
to the CMC control (panels a, b, c) or GST alone (panels d, 
e, f). Quantitation of the data is shown in FIG. 9D. 

Hsp90C. Promotes Pig and Human Cell Migration Via 
LRP-1 Receptor 
I0131 Hsp90C. was tested for its ability to promote pig 
cell migration like it does to human cells in vitro and, more 
importantly if it uses a similar mechanism. Pig and human 
keratinocytes and dermal fibroblasts were isolated from 
Surgical specimens and Subjected to migration assays. As 
shown in FIG. 10A, FBS and TGFa equally stimulated both 
pig and human keratinocyte migration (bars 3, 4 and 7, 8 vs. 
bars 1 and 2). Interestingly, Hsp90C-stimulated human kera 
tinocyte migration appeared to be significantly stronger than 
Hsp90C-stimulated pig keratinocyte migration (bar 6 vs. bar 
5). Similar observations were made for dermal fibroblast 
migration. As shown in FIG. 10B, while FBS and PDGF-BB 
stimulated pig and human dermal fibroblast migration to a 
similar degree (bars 3, 4 and 7, 8 vs. bars 1 and 2), Hsp90C. 
stimulated a much stronger migration effect of human der 
mal fibroblasts than pig dermal fibroblasts (bar 6 vs. bar 5). 
If one extrapolates these results, in conjunction with the F-5 
and PDGF-BB stimulated wound healing (see FIG. 7C), it 
Suggests that F-5 may only have shown half of its real 
efficacy in the pig wounds than it might be able to show in 
human wounds. 
I0132) Finally, Hsp90C. was also studied for its ability to 
stimulate pig and human cell migration via the same mecha 
nism, i.e., LRP-1 (LDL-receptor-related protein-1). As 
shown in FIG. 10C, human and pig dermal fibroblasts 
(normal or diabetic) express similar levels of LRP-1 (panel 
a), the cell surface receptor for Hsp90C. 7. Using lentiviral 
infection, as shown in FIG. 10D, nearly complete knock 
down of LRP-1 expression was achieved in human cells 
(lane 3) and approximately 70% knockdown of LRP-1 
expression in pig cells (lanes 6), in comparison to their 
corresponding human (lanes 1, 2) and pig (lanes 4, 5) 
controls. When these cells were subjected to the colloidal 
gold migration assay, as shown in FIG. 10E, Hsp90C. was no 
longer able to promote migration of the LRP-1-downregu 
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lated human (bar 6 vs. bars 4 and 5) and pig (bar 15 vs. bars 
13and 14) cells. In contrast, down-regulation of LRP-1 did 
not affect PDGF-BB-stimulated human (bar 9 vs. bars 7 and 
8) and pig (bar 18 vs. bars 16 and 17) cell migration. These 
results clearly indicated that Hsp90C uses a similar signaling 
mechanism to promote pig and human cell migration. 

Discussion 

0.133 Wound healing studies in live animals remain the 
most predictive method to gain insights into the wound 
healing mechanisms in humans. Among the currently used 
animal models, it is widely accepted that pigs have skin that 
is both histologically and functionally closer to humans 
and, therefore, have widely been regarded as the “right' 
model for wound healing studies 1. Since 2008, for 
instance, there have been a handful of wound healing studies 
using STZ-induced diabetic pigs and yet the reported find 
ings were inconsistent 24-30. Studies from Eriksson’s 
group created full-thickness skin wounds in diabetic pigs 14 
days after STZ injection. Based on Hematoxylin and Eosin 
(H&E) staining, they reported that complete re-epithelial 
ization of 1.5 cm 61.5 cm full thickness wounds occurred on 
day 12 to 14 for non-diabetic pigs and on day 18 for 
STZ-treated pigs 24. Bergmann et all compared partial 
thickness wounds on normal and diabetic pigs and reported 
little difference in wound closure rates 28. Except for these 
two studies, the majority of other studies only examined 
STZ-induced diabetic pigs and did not make any compari 
sons to normal healthy pigs or did not pay particular 
attention to whether or not wound healing was delayed in 
those pigs 25-27. Consequently, the results of initial 
experiments that followed the procedures in those studies 
were highly variable and un-reproducible. Without being 
bound by a theory, there was a need to first establish the 
methodology of using pigs as a wound healing model. The 
current study systematically evaluated all critical parameters 
and standardized both healthy and diabetic wound healing 
models in pigs. the new standards include (i) a wound 
creating pattern for therapeutic treatment versus the control; 
(ii) measurements of the physiological parameters of diabe 
tes, (iii) demonstration of effectiveness for a FDA-approved 
wound healing agent to Support the relevance of these 
models; and (iv) most importantly, identification of a 
27-amino acid peptide, called F-8, as the core entity of 
Hsp90C. to promote wound healing. 
0134) What is the physiological relevance of Hsp90O. 
secretion to diabetic wound healing? The answer points to 
the levels of the key cellular responding protein to environ 
mental hypoxia, the hypoxia-inducible factor-1alpha (HIF 
1C). Hypoxia-driven secretion of Hsp90C is under direct 
control of cellular HIF-1C. levels 9, 31. Impaired reaction 
to hypoxia is known to contribute to impaired wound 
healing, such as in diabetic ulcers 32. Lower levels of 
HIF-1C. protein were found in foot ulcer biopsies in patients 
with diabetes, in which hyperglycemia was shown to reduce 
the HIF-1C. stability and function 33-35. These findings 
Suggest that delayed diabetic wound healing is the result of 
HIF-1C. destabilization and provide strong support for topi 
cal treatment of diabetic wounds with recombinant Hsp90C. 
protein to bypass the damaged HIF-1C. in human diabetic 
wounds. While it remains to be tested whether the HIF-1C. 
levels are affected in this diabetic pig model, this disclosure 
clearly shows that the topical application of Hsp90C. proteins 
greatly accelerated wound closure in these pigs. 
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I0135) It was argued that the available diabetic animal 
wound healing models only demonstrate a short-term 
impairment in the wound repair process and, therefore, may 
not reflect the true nature of chronic wounds in humans that 
can persist for years. Hence these diabetic wound models are 
actually models for impaired acute wound healing rather 
than true chronic wounds 36. Given the life span of current 
experimental animals (i.e., only a fraction of humans) and 
the variability in the biology of human wounds, it is true that 
there is no perfect animal model for human skin wound 
healing studies. The results herein show that the longer the 
condition of diabetes is Sustained in pigs the more evident a 
delay in wound healing takes place. This finding is consis 
tent with the clinical observations on diabetic foot ulcers in 
humans. 
0.136 Therefore, the disclosure provides a method to 
promote epidermal tissue regeneration and/or re-epithelial 
ization or prevent cell apoptosis in wounded epithelial 
tissue, in a subject in need thereof comprising administering 
to a tissue in need thereof an effective amount of the 
recombinant polypeptide. In another aspect, the disclosure 
provides a method to facilitate healing or treat a wound or 
injury, comprising administering to a wounded or injured 
tissue in a subject in need thereof an effective amount of the 
recombinant polypeptide. In one embodiment, the method 
further comprises administering an effective amount of a 
wound-healing therapeutic agent other than the recombinant 
polypeptide. In another embodiment, the administration of 
the recombinant polypeptide and the therapeutic agent is 
concurrent or sequential. In one embodiment, the Subject is 
a mammal. 
0.137 In some embodiment, the wound is a skin wound or 
a wound to an eye. In one embodiment, the skin wound is an 
acute wound, a diabetic wound, or a burn wound. In some 
embodiments, the acute wound comprises a traumatic 
wound or a Surgical wound. In another embodiment, the 
method of treating a wound further comprises treating or 
preventing progression or conversion of the burn wound. 
0.138. In one aspect, the injury is an eye disease or an eye 
injury. In one embodiment, the eye injury is a corneal injury 
or a conjunctival injury. In another embodiment, the eye 
injury is caused by a penetrating object, a foreign body, a 
chemical, or burn. 
0.139. It is to be understood that while the invention has 
been described in conjunction with the above embodiments, 
that the foregoing description and examples are intended to 
illustrate and not limit the scope of the invention. Other 
aspects, advantages and modifications within the scope of 
the invention will be apparent to those skilled in the art to 
which the invention pertains. Several aspects of the inven 
tion are listed below. 

Sequence Listing 

SEQ ID NO. 1: 
MPEETOTODOPMEEEEVETFAFOAEIAOLMSLIINTFYSNKEIFLRELIS 
NSSDALDKIRYESLTDPSKLDSGKELHINLIPNKODRTLTIVDTGIGMTK 
ADLINNLGTIAKSGTKAFMEALOAGADISMIGOFGVGFYSAYLVAEKVTV 
ITKHNDDEOYAWESSAGGSFTVRTDTGEPMGRGTKVILEILKEDOTEYLE 
ERRIKEIWKKHSOFIGYPITLFVEKERDKEVSDDEAEEKEDKEEEKEKEE 
KESEDKPEIEDVGSDEEEEKKDGDKKKKKKIKEKYIDOEELNKTKPIWTR 
NPDDITNEEYGEFYKSLTNDWEDHLAVKHFSVEGOLEFRALLFVPRRAPF 
DLFENRKKKNNIKLYWRRWFIMDNCEELIPEYLNFIRGWWDSEDLPLNIS 

REMLOOSKILKVIRKNLWKKCLELFTELAEDKENYKKFYEOFSKNIKLGI 
BEDSQNRKKLSELLRYYTSASGDEMVSLKDYCTRMKENOKEITYYITGET 
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- Continued 

Sequence Listing 

KDOVANSAFVERLRKHGLEWIYMIEPIDEYCVOOLKEFEGKTLVSVTKEG 
LELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVVVSNRLVTSPCC 
IWTSTYGWTANMERIMKAOALRDNSTMGYMAAKKHLEINPDHSIIETLRO 
KAEADKNDKSWKDLVILLYETALLSSGFSLEDPOTHANRIYRMIKLGLGI 
DEDDPTADDTSAAVTEEMPPLEGDDDTSRMEEWD 

SEO ID NO. 2: 
SDEEEEKKDGDKKKKKKIKEKYIDOEE 

SEO ID NO. 3: 
EEKEDKEEEKEKEEKESEDKPEIEDWGSDEEEEKKDGDKKKKKKIKEKYI 

DOEELNKTKPIWTRNPDDITNEEYGEFYKSLTNDWEDHLAVKHESVEGOL 
EFRALLFWPRRAPFD 

SEO ID NO. 4: 
EEKEDKEEEKEKEEKESEDKPEIEDWGSDEEEEKKDGDKIKEKYIDOEE 
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What is claimed is: 
1. A recombinant polypeptide, wherein the recombinant 

polypeptide comprises a polypeptide from the group of an 
Hsp90C. polypeptide sequence (SEQ ID NO.1), an F-8 
polypeptide sequence (SEQ ID NO. 2), an F-5 polypeptide 
sequence (SEQ ID NO. 3), an F-6 polypeptide sequence 
(SEQID NO. 4), and an equivalent of each thereof, wherein 
the recombinant polypeptide is operatively linked to a 
non-immunogenic carrier protein. 

2. The recombinant polypeptide of claim 1, wherein the 
polypeptide consists of a polypeptide from the group of an 
Hsp90C. polypeptide sequence (SEQ ID NO.1), an F-8 
polypeptide sequence (SEQ ID NO. 2), an F-5 polypeptide 
sequence (SEQ ID NO. 3), an F-6 polypeptide sequence 
(SEQ ID NO. 4), or an equivalent of each thereof. 

3. The recombinant polypeptide of claim 1, wherein the 
equivalent comprises a polypeptide having at least 70% 
amino acid identity to SEQ ID NOS. 1, 2, 3, or 4 or a 
polypeptide that hybridizes to a polypeptide encoded by a 
polynucleotide that hybridizes under conditions of high 
stringency to a reference polynucleotide encoding a poly 
peptide comprising SEQ ID NOS. 1, 2, 3 or 4, or the 
complement of the reference polynucleotide. 

4. The recombinant polypeptide of claim 1, wherein the 
non-immunogenic carrier protein is selected from the group 
of albumin, pro-albumin, polyethylene glycol (PEG), gluta 
thione S-transferase, thyroglobulin, or keyhole limpet hemo 
cyanin. 

5. The recombinant polypeptide of claim 1, wherein the 
non-immunogenic carrier protein comprises albumin. 

6. A polynucleotide, wherein the polynucleotide encodes 
the recombinant polypeptide of claim 1. 

7. A vector comprising the polynucleotide of claim 6. 
8. A host cell comprising the polynucleotide of claim 6. 
9. A host cell comprising the vector of claim 7. 
10. The host cell of claim 9, wherein the host cell is a 

prokaryotic or a eukaryotic cell. 
11. A polypeptide, wherein the polypeptide is produced by 

the host cell of claim 8 and wherein the polypeptide is 
optionally isolated. 

12. A composition, wherein the composition comprises 
the recombinant polypeptide of claim 1, and a carrier. 

13. The composition of claim 12 further comprising a 
therapeutic agent other than the recombinant polypeptide. 

14. The composition of claim 13, wherein the therapeutic 
agent is platelet-derived growth factor (PDGF). 

15. The composition of claim 12, wherein the composi 
tion is formulated for topical administration. 

16. A method to promote epidermal tissue regeneration 
and/or re-epithelialization or prevent cell apoptosis in 
wounded epithelial tissue, in a subject in need thereof 
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comprising administering to a tissue in need thereof an 
effective amount of the recombinant polypeptide of claim 1. 

17. A method to facilitate healing or treat a wound or an 
injury, comprising administering to a wounded or injured 
tissue in a subject in need thereof an effective amount of the 
recombinant polypeptide of claim 1. 

18. The method of claim 17, further comprising admin 
istering an effective amount of a wound-healing therapeutic 
agent other than the recombinant polypeptide. 

19. The method of claim 18, wherein the administration of 
the recombinant polypeptide and the therapeutic agent is 
concurrent or sequential. 

20. The method of claim 17, wherein the subject is a 
mammal. 

21. The method of claim 17, wherein the recombinant 
polypeptide is administered about every 6 to about every 72 
hours or about every 24 to about 48 hours. 

22. The method of claim 17, wherein the wound is a skin 
wound or a wound to an eye. 
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23. The method of claim 22, wherein the skin wound is an 
acute wound, a diabetic wound, or a burn wound. 

24. The method of claim 23, wherein the acute wound 
comprises a traumatic wound or a Surgical wound. 

25. The method of claim 23, further comprising treating 
or preventing progression or conversion of the burn wound. 

26. The method of claim 17, wherein the injury is an eye 
disease or an eye injury. 

27. The method of claim 26, wherein the eye injury is a 
corneal injury or a conjunctival injury. 

28. The method of claim 26, wherein the eye injury is 
caused by a penetrating object, a foreign body, a chemical, 
or burn. 

29. The method of claim 16, wherein the subject is a 
mammal. 

30. The method of claim 16, wherein the recombinant 
polypeptide is administered about every 6 to about every 72 
hours or about every 24 to about 48 hours. 
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